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INTRODUCTION





The TC1024 Advanced Industrial Control board turns your IBM PC/AT or compatible into a high-performance

timing, counting, and control system. Installed within a single expansion slot in the computer, the TCIO24 features:

. 10 general purpose 16-bit timer/counters (two Am9513A chips),

. 24 timer/counter modes of operation,

. Binary or BCD up or down counting,

. 16-bit transfers using AT data bus,

. Cascading ofup to l0 counters, 160 bits,

. Pads for adding filters on clock input lines,

. On-board 5 MHz oscillator,

. 24btffered TTL/CMOS 8255-based digital VO lines with optional pull-up or pull-down resistors,

. 11 hardware configurable interrupts,

. +5 volts only operation,

. Turbo Pascal and Turbo C source code; diagnostics program.

The following paragraphs briefly describe the major functions of the board. A more detailed discussion of board
functions is included in Chapter 3, trIardware Operation, and Chapter 4, Board Operation and Programming.The

board setup is described in Chapter l, Board Settings.

Am9513A Timer/Counter

The versatile Am95l3A general purpose timer/counter provides a variety of timing, sequencing, and counting

functions. The Am9513A chip contains five 16-bit counters which can be used individually or internally cascaded to

form a counter of up to 80 bits. TheTClO24 has two Am95l3A chips: Am95l3A #1 contains counters I through 5

and Am9513A #2 contains counters 6 through 10. With 24 operating modes, up or down counting in binary or BCD,

and hardware or software gating, these counters can be easily tailored for a wide variety of applications. The

counters are clocked by an on-board 5 MHz crystal. On-board RC pads let you custom filter each clock input line for

switch debouncing and elimination of unwanted ringing. The source, gate, and output for each counter is available at
theP2UO connector.

Digital VO

The TC1024 has 24 TTL/CMOS-compatible digital VO lines which can be directly interfaced with external
devices or signals to sense switch closures, trigger digital events, or activate solid-state relays. These lines are
provided by the on-board8255 programmable peripheral interface chip. The 8255 can be operated in any one of the

three available modes: Mode 0, Mode 1, or Mode 2. To ensure high driving capacity in Mode 0, CMOS buffers are

installed. These buffers can be bypassed to support Mode 1 or 2 operation. TTL buffers are available on request.

Pads for installing and activating pull-up or pull-down resistors are included on the board. Installation proce-
dures are given at the end ofChapter l, Board Settings.

What Comes With Your Board

You receive the following items in your TC1024 package:

. TCIO24 AT interface board

. Software and diagnostics diskette with Turbo Pascal and Turbo C source code

. User's manual

If any item is missing or damaged, please call Real Time Devices' Customer Service Department at
(814) 234-8087. If you require service outside the U.S., contact your local distributor.

Board Accessories

In addition to the items included in your TC|O24 package, Real Time Devices offers a full line of board
accessories. Call your local distributor or our main office for more information about these accessories and for help
in choosing the best items to support your board's application. Accessories for the TCl024 include the TB50
terminal board and XB50 prototype/terminal board for prototype development and easy signal access, and XT50
twisted pair wire flat ribbon cable assembly for external interfacing.
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Using This Manual

This manual is intended to help you install your new board and get it running quickly, while also providing

enough detail about the board and its functions so that you can enjoy maximum use of its features even in the most

complex applications. We assume that you already have an understanding of data acquisition and control principles

and that you can customize the example software or write your own applications programs.

When You Need Help

This manual and the example programs in the software package included with your board provide enough

information to properly use all of the board's features. If you have any problems installing or using this board,

contact our Technical Support Department, (814) 234-8087, during regular business hours, eastern standard time or

eastern daylight time, or send a FAX requesting assistance to (814) 234-5218. When sending a FAX request, please

include your company's name and address, your name, your telephone number, and a brief description of the
problem.
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CHAPTER 1

BOARD SETTINGS

The TC1024 has jumper and switch settings you can change if
necessary for your application. The board is factory-configured as
listed in Table 1-1 and shown on the board layout in the beginning
of this chapter. Should you need to change these settings, use these
easy-to-follow instructions before you install the board in your
computer.

To increase your flexibility in using interrupts, a wire-wrap
header is provided at P7 so that you can connect any one of 1 I
intemrpt sources to any one of 1l intemlpt channels.

Note that by installing resistor packs at the locations labeled to
the right of the 8255 PPI and soldering jumpers as desired on the
associated pads, you can configure your 8255 digital VO lines to be
pulled up or pulled down. This procedure is explained near the end
of this chapter.

Pads are provided in the upper right area of the board so that
you can add custom resistor-capacitor filtering on each clock
source input line for switch debouncing and to eliminate unwanted
ringing.
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Factory-Configured Switch and Jumper Settings

Table 1-1 lists the factory settings of the user-configurable jumpers and switches on the TC1024 board. Fig-

ure 1-1 shows the board layout and the locations of the factory-set jumpers. The following paragraphs explain how

to change the factory settings. Pay special attention to the setting of S1, the base address switch, to avoid address

contention when you first use your board in your system.

Table 1-1 - Factory Settings

Switch/
Jumper Function Controlled

Factory Settings
(Jumpers Installed)

P5
Connects the output of counter 2 or 5 to an interrupt
channel (S4 selects which counter is available) Interrupt channels disabled

P6
Connects the output of counter 7 or 10 to an interrupt
channel (S4 selects which counter is available) Interrupt channels disabled

P7

Connects any of 11 interrupt sources to any of 11
interrupt channels; connection made by wire wrapping
between selected header pins No connection

S1 Sets the base address 300 hex (768 decimal)

S2
Bypasses 8255 Port C buffers for Mode 1 or Mode 2
operation Open (buffers not bypassed)

S3 Bypasses 8255 Port A buffers for Mode 2 operation Open (buffers not bypassed)

S4
Selects the interrupt sources to be available at P5 and
P6: selects the source for counter 1 and counter 6 OUTs, OUT1O, EXT6, EXT1

Fig. 1-1 - Board Layout Showing Factory-Configured Settings
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P5 - Counter OUT 2i/5 Interrupt Channel Select (Factory Setting: Interrupt Channels Disabled)

This header connector, shown in Figure l-2, lets you connect the output of counter 2 or 5, whichever is selected

on S4-1, to any of 11 intemrpt channels, IRQ9 (highest priority channel) through IRQl2, IRQ14, IRQ15, and then

back to IRQ3 through IRQT (lowest priority). Chapter 4 explains intemrpt channel prioritization in detail. To

activate a channel, you must install a jumper across the desired IRQ channel. Figure 1-2a shows the factory setting;

Figure 1-2b shows the intem.rpt source connected to IRQ3. If you use multiple intemrpts, make sure each source is

assigned to a different IRQ channel.

Fig. 1-2a:
Factory Setting

Fig. 1-2b: Interrupt Source
Connected to lRQg

Fig. 1-3a:
Factory Setting
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Fig. 1-2 - Counter OUT 215Interrupt Channel Select Jumper, P5

P6 - Counter OUT 7/l0Interrupt Channel Select (Factory Setting: Interrupt Channels Disabled)

This header connector, shown in Figure 1-3, lets you connect the output of counter 7 or 10, whichever is
selected on S4-2, to any of 1l intemrpt channels, IRQ9 (highest priority channel) through IRQ12, IRQ14, IRQ15,
and then back to IRQ3 through IRQT (lowest priority). Chapter 4 explains interrupt channel prioritization in detail.
To activate a channel, you must install a jumper across the desired IRQ channel. Figure 1-3a shows the factory
setting; Figure 1-3b shows the interrupt source connected to IRQ9. If you use multiple interrupts, make sure each
source is assigned to a different IRQ channel.

P6

Fig. 1-3b: Interrupt Source
Connected to lRQ9 P6

Fig. 1-3 - Counter OUT 7/10 Interrupt Channel Select Jumper, PO

P7 - Interrupt Source/Channel Select (Factory Setting: No Connection)

This wire-wrap header connector, shown in Figure 1-4, lets you connect any of 11 intemrpt sources to any of
the 11 available intemrpt channels by wire-wrapping between the appropriate pins on the header. Designed to
provide maximum flexibility in interrupt source selection, the interrupt sources provided are: PC3, which is the
INTRA signal from the 8255 PPI; PCO, which is the INTRB signal from the 8255 PPI; EXT, an external intemrpt
you can route onto the board through the P2 VO connector, and eight ofthe 10 counter outputs (counters 5 and 10
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are not provided; however, they are available at P5 and P6). You can wire-wrap any source to any of 1i intenupt

channels, IRQg (highest priority channel) through IRQ12, IRQ14, IRQl5, and then back to IRQ3 through IRQT
(lowest priority). Chapter 4 explains intemrpt channel prioritization in detail. If you use multiple intemrpts, make

sure each source is assigned to a different IRQ channel.
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Fig. 1-4a:
Factory Setting

Fig. 1-4b: EXT Connected
to lRQ11

P7

P7oo\oooooooo

o o  ob o  o  o  o  o  o  o
IRQ 15  14  1211  10

Fig. 1-4 - lnterrupt Source/Channel Select Wire-Wrap Header, P7

51- Base Address (Factory Setting: 300 hex (768 decimal))

One of the most common causes of failure when you are first trying your board is address contention. Some of
your computer's VO space is already occupied by internal VO and other peripherals. When the TC1024 board
attempts to use VO address locations already used by another device, contention results and the board does not work.

To avoid this problem, theTClO24 has an easily accessible DIP switch, Sl, which lets you select any one of 32
starting addresses in the computer's VO. Should the factory setting of 300 hex (768 decimal) be unsuitable for your
system, you can select a different base address simply by setting the switches to any value shown in Table l-2.The
table shows the switch settings and their corresponding decimal and hexadecimal (in parentheses) values. Make sure
that you verify the order of the switch numbers on the switch (l through 5) before setting them. When the switches
are pulled forward, they are OPEN, or set to logic 1, as labeled on the DIP switch package. When you set the base
address for your board, record the value in the table inside the back cover. Figure 1-5 shows the DIP switch set for a
base address of 300 hex (768 decimal).

Fig. 1-5 - Base Address Switch, 51
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Table 1-2- Base Address Switch Settings, 51

Base Address
Decimal / (Hex)

Switch Setting
5 4 3 2 1

Base Address
Decimal / (Hex)

Switch Setting
5 4 3 2 1

sr2 | (200) 0 0 0 0 0 768 / (300) 1 0 0 0 0

s28 I (210) 0 0 0 0 1 784 | (3r0) 1 0 0 0 1

544 | (220) 0 0 0 1 0 800t Qza) 1 0 0 1 0

s6o | (230) 0 0 0 1 1 816 / (330) 1 0 0 1 1

s76 | (240) 0 0 1 0 0 832 | (340) 1 0 1 0 0

592 | (2s0) 0 0 1 0 1 848 / (350) 1 0 1 0 1

608 / (260) 0 0 1 1 0 864 / (360) 1 0 1 1 0

6',24 | (270) 0 0 1 1 1 880 / (370) 1 0 1 1 1

640 | (280) 0 1 0 0 0 896 / (380) 1 1 0 0 0

6s6 | (290) 0 1 0 0 1 9r2 | (390) 1 1 0 0 1

672 | (240) 0 1 0 1 0 928 / (3A0) t l 0 l 0

688 / (2B0) 0 1 0 1 1 944 | (380) r 1 0 1 1

704 | (2CO) 0 1 1 0 0 960 / (3C0) 1 1 0 0

720 | (2D0) 0 1 1 0 1 976 | (3D0) l l 0 1

736 | (2E0) 0 1 1 1 0 992 | (380) 1 1 1 1 0

7s2 t (2FO) 0 1 1 1 1 1008 / (3F0) 1 1 1 1 1

0=c losed,  1=oP€n

52 and 53 - Buffer Bypass Switches (Factory Setting: OPEN (Not Bypassed))

Mode 1 Operation (S2) - When operating the 8255 in Mode 1, the lines of Port C function as control lines,

some as outputs and some as inputs. When using Mode 1, the Port C buffers must be removed and bypassed to allow

the Port C lines to be individually set as inputs or outputs. Figure 1-6 shows the Port C buffers, and the following

steps tell you how to configure the board for Mode 1 operation.

To remove buffering from Port C:

1. Close DIP switches 1 through 8 on 52.
2. Remove U10 from the board.
3. Remove U11 from the board.

CAUTION: Remember, whenever you close the switches on 52, be sure to remove the Port C buffers, U10

and U11, from the board. Failure to do so may damage the board.

Mode 2 Operation (S2, 53) - When operating the 8255 in Mode 2, the lines of Port A must be bidirectional
and the lines of Port C function as control lines, some as outputs and some as inputs. When using Mode 2, both the
Port A and Port C buffers must be removed and bypassed. Figure 1-7 shows the Port A buffers, Figure 1-6 shows the
Port C buffers, and the following steps tell you how to configure the board for Mode 2 operation.

To remove buffering from Ports A and C:

tr. Close DIP switches I through 8 on 53 @ort A).
2. Remove U8 from the board.
3. Close DIP switches 1 through 8 on 52 (Port C).
4. Remove U10 from the board.
5. Remove Ul l from the board.
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PC7

PC6

PC5

PC4

PC1

1024
UO CONNECTOR

P 4 I P 3
I

PIN 35

PIN 36

PIN 37

PIN 38

1024
I/O CONNECTOR

P4

Fig. 1-6 - Port C Buffer Circuitry

Fig. 1-7 - Port A Buffer Circuitry



CAUTION: Remember, whenever you close the switches on 52 and 53, be sure to remove the buffers, U8,

U10, and Ul1, from the board. Failure to do so may damage the board.

54 - Interrupt Source/Clock Source Select (Factory Setting: OUT5, OUT10' EXT6, EXTI)

These four single-pole, double-throw switches, shown in Figure 1-8, let you select which counter output
provides the intemrpt source for P5 and P6, and let you select the clock source for counters 1 and 6.

S4-1. This switch provides the output of counter 5 or the output of counter 2 as the available intemrpt source at

P5. The factory setting is OUT5. Figure 1-9 shows how this switch is connected,

S4-2. This switch provides the output of counter 10 or the output of counter 7 as the available intemrpt source

at P6. The factory setting is OUT10. Figure 1-9 shows how this switch is connected.

S4-3. This switch controls the clock source for counter 6. The source can be provided externally from the P3

VO connector, or it can be provided from the output of counter 5, cascading counter 6 to counter 5. The factory

setting is external, EXT6 (SRC 6 at the I/O connector). Figure 1-9 shows how this switch is connected.

S4-4. This switch controls the clock source for counter l. The source can be provided externally from the P3

VO connector, or it can be provided from the output ofcounter 10, looping counter l0's output back around to

counter 1. The factory setting is external, EXTI (SRC 1 at the VO connector). Figure 1-9 shows how this switch is

connected.

S4
OUT2 OUTT OUTS OUT1O

1 2 3 4

EEE E
OUTs OUT1O EXT6 EXT1

Fig. 1-8 - Interrupt Source/Clock Source Select SPDT Switch, 54
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Fig. 1-9 - Counter Circuitry Showing 54 Switch Connections
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Pull-up/Pull-down Resistors on Digital UO Lines

The 8255 programmable peripheral interface provides 24TTLICMOS compatible digital VO lines which can be
interfaced with external devices. The lines are divided into four groups: eight Port A lines, four Port C Lower lines,

eight Port B lines, and four Port C Upper lines. You can install and connect pull-up or pull-down resistors for any or
all of these four groups of lines. You may want to pull lines up for connection to switches. This will pull the line

high when the switch is disconnected. Or, you may want to pull down lines connected to relays which control

turning motors on and off. These motors turn on when the digital lines controlling them are high. The Port A and

Port B lines of the 8255 automatically power up as inputs - which can float high - during the few moments before

the board is initialized. This can cause external devices connected to these lines to operate erratically. By pulling

these lines down, when the data acquisition system is first turned on, the motors will not switch on before the 8255

is initialized.

To use the pull-up/pull-down feature, you must first install resistor packs in any or all of the four locations

around the 8255, labeled PA, PB, PCL, and PCH. PA and PB take 10-pin packs, and PCL and PCH take 6-pin
packs. Figure 1-10 shows a blowup of this circuitry.

Fig. 1-10 - Pull-up/Pull-down Resistor Circuitry
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After the resistor packs are installed, you must connect them into the circuit as pull-ups or pull-downs. Locate

the three-hole pads on the board near the resistor packs. They are labeled G (for ground) on one end and V (for +5V)

on the other end. The middle hole is common. PA is for Port A, PB for Port B, PCL is for Port C Lower, and PCH is

for Port C Upper. Figure 1-10 shows a blowup of the pads. To operate as pull-ups, solder a jumper wire between the

common pin (middle pin of the three) and the V pin. For pull-downs, solder a jumper wire between the common pin
(middle pin) and the G pin. Figure 1-11 shows Port A lines with pull-ups, Port C Lower with pull-downs, and Port C

Upper with no resistors.

Fig. 1-11 - Adding Pull-ups and Pull-downs to Some Digital l/O Lines
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RC Filters on Source Clock Input Lines

On-board pads are provided to add custom filtering on each ofthe 10 source clock input lines. These RC pads,

located in the upper right area of the board, let you build a switch debouncing circuit or a circuit to eliminate
uwanted ringing on the clock input. Simply calculate the values you want to use to achieve the desired results and

solder the components onto the board. Figure 1-12 shows a switch debouncing circuit for the TCLOZ4 source clock

inputs. Table 1-3 lists the resistor-capacitor pairs for each source clock input line.

TO AM9513A
SOURCE INPUT

T'o
V

F =  1  +2nRC
F=1 +2n(100) (1OpF)
F = 1 5 9 H 2

Fig.1-12 - Typical Switch Debouncing Filter Circuit

Table 1-3 - Source Clock RC Filters

Source Clock
Number

Resistor
Number

Capacitor
Number

1 R2 c20

2 R3 c21

3 R4 c22

4 R5 c23

5 R6 c24

6 R7 c25

7 R8 c26

I R9 c27

9 R 1 0 c28

1 0 R11 c29
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CHAPTER 2

BOARD INSTALLATION

The TC1024 is easy to install in your PC/AT or compatible
computer. This chapter tells you step-by-step how to install and
connect the board.

After you have installed the board and made all of your con-
nections, you can turn your system on and run the 1024DIAG
board diagnostics program included on your example software disk
to verify that your board is working.
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Board Installation

Keep the board in its antistatic bag until you are ready to install it in your computer. When removing it from the
bag, hold the board at the edges and do not touch the components or connectors.

Before installing the board in your computer, check the jumper and switch settings. Chapter 1 reviews the
factory settings and how to change them. Ifyou need to change any settings, refer to the appropriate instructions in
Chapter 1. Note that incompatible jumper settings can result in unpredictable board operation and erratic response.

To install the board:

1. Turn OFF the power to your AT computer.

2. Remove the top cover of the computer housing (refer to your owner's manual if you do not already know
how to do this).

3. Select any unused expansion slot and remove the slot bracket.

4. Touch the metal housing of the computer to discharge any static buildup and then remove the board from its
antistatic bag.

5. If you are using the 20-pin P4 connector for 8255 digital VO operations, connect the mating connector to it
before installing the board in the PC. Note that the P3 VO connector mounting bracket has an oversized
cutout to allow space for running the cable to P4 through the same I/O slot. If you want to run both cables
through the same slot, you must make these connections before installing the board.

6. Holding the board by its edges, orient it so that its card edge (bus) connectors line up with the expansion slot
connectors in the bottom of the selected expansion slot.

7 . After carefully positioning the board in the expansion slot so that the card edge connectors are resting on the

computer's bus connectors, gently and evenly press down on the board until it is secured in the slot.

NOTE: Do not force the board into the slot. If the board does not slide into place, remove it and try again.
Wiggling the board or exerting too much pressure can result in damage to the board or to the computer.

8. After the board is installed, secure the slot bracket back into place and put the cover back on your computer.
The board is now ready to be connected via the external VO connector at the rear panel of your computer. Be

sure to observe the keying when connecting your external cable to VO connector P3.

External VO Connections

Figure 2-1 shows the TC1024's P3 50-pin VO connector and P4 on-board 20-pin connector pinouts. Refer to
these diagrams as you make your VO connections.
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Fig. 2-1 - P3 l/O Connector and P4 On-board Connector Pin Assignments

Connecting the Timer/Counters and Digital UO

For all of these connections, the high side of an external signal source or destination device is connected to the

appropriate signal pin on the P3 VO connector or on P4, and the low side is connected to any DIGITAL GND.

Running the [024DIAG Diagnostics Program

Now that your board is ready to use, you will want to try it out. An easy-to-use, menu-driven diagnostics
program, 1024DIAG, is included with your example software to help you verify your board's operation. You can

also use this program to make sure that your current base address setting does not contend with another device.
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CHAPTER 3

HARDWARE DESCRIPTION

This chapter describes the features of the TCt024 hardware.
The major circuits are the timer/counters and the digital VO lines.
This chapter also describes the hardware-selectable intemrpts.





The TC1024 board has two major circuits, the timer/counters and the digital VO lines. Figure 3-1 shows the
block diagram of the board. This chapter describes the hardware which makes up the major circuits and hardware-
selectable interrupts.

Fig.3-1 -TC1024 Block Diagram

Am9513A Timer/Counters

The Am9513A System Timing Controller contains five general purpose l6-bit timer/counters which are capable

of performing many different types of counting, sequencing, and timing functions. The Am9513A supports up or

down counting in binary or BCD with hardware or software gating of each counter. Its 24 modes of operation are

detailed in the Am95l3AData Sheet reprint from AMD included in Appendix C.

The Am95 13A is structured with a series of internal registers that set the mode of operation for each counter.
These registers are fully described in Appendix C.

Any combination of the 10 counters in the two Am9513As can be internally cascaded to create a counter of up
to 160 bits. For example, two cascaded counters form a 32-bit counter for longer counting capability. Rarely is it
practical to cascade more than three counters. Cascading is described in Appendix C, Chapter 3 of the Am9513A
data sheet.

The timer/counters are driven by an on-board 5 MHz crystal oscillator. On-board RC pads let you custom filter
each source clock input line for switch debouncing and elimination of unwanted ringing.

Digital VO, Programmable Peripheral Interface

The 8255 programmable peripheral interface (PPI) can be easily configured to solve a wide range of digital
real-world problems. This high-perfornance TIL/CMOS compatible chip has 24 parallel programmable digital VO
lines divided into two groups of 12lines each:

Group A - Port A (8 lines) and Port C Upper (4 lines);
Group B - Port B (8 lines) and Port C Lower (4 lines).
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Each group can be programmed for one of three modes of operation. When operating in Mode l, the on-board

buffers must be removed from the Port C lines. When operating in Mode 2, both Port A and Port C buffering must

be removed. This procedure is described in Chapter I in the 52 and 53 DIP switch discussion. The three operating

modes are:

Mode 0 - Basic input/output. Lets you use simple input and output operation for a port. Data is written to or

read from the specified port.

Mode 1 - Strobed input/output. Lets you transfer VO data from Port A in conjunction with strobes or hand-

shaking signals.

Mode 2 - Strobed bidirectional inpuVoutput. Lets you communicate bidirectionally with an external device

through Port A. Handshaking is similar to Mode l.

These modes are detailed in the 8255 Data Sheet, reprinted from Intel in Appendix C.

The bidirectional buffers on the 8255's I/O lines monitor the 8255 control word to automatically set their

direction. Hardware changes to the buffer circuitry are required only when using Mode I or Mode 2, where the Port

A and/or Port C buffers must be removed as described in Chapter l.

Interrupts

The TC1024 has several hardware selectable intemrpt sources. These intemrpt sources can be selected using
jumpers or wire-wrapping on P5 through P7, as described in Chapter 1. Interrupt sources which can be used by the

TCI024 are: the outputs from all 10 Am9513A counters; PC3, which is the INTRA signal from the 8255 PPI; PC0,

which is the INTRB signal from the 8255 PPI; and EXT, an external intemrpt you can route onto the board through

VO connector P3. Chapter 1 tells you how to set the jumpers or configure the wire-wrapping on the interrupt header

connectors, P5, P6, andP7, and Chapter 4 describes how to program intemrpts.
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CHAPTER 4

BOARD OPERATION AND PROGRAMMING

This chapter shows you how to program your TClO24boudby
writing to and reading from the AT bus in 8- or 16-bit words. It
provides a complete description of the VO map and a description
of programming operations to aid you in programming. The
example programs included on the disk in your board package are
listed at the end of this chapter. These programs, written in Turbo
C and Turbo Pascal, include source code to simplify your
applications programming. Chapter 5 contains examples for setting
up the Am9513A.'s 16-bit counters for specific applications.
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Defining the UO Map

The VO map for the TC1024 is shown in Table 4-1 below. As shown, the board occupies 16 consecutive VO
port locations.

Because of the 16-bit structure of the AT bus, every other address location is used, even for 8-bit transfers. Our
programming structure uses the l6-bit command to set up and run the Am9513A. All 8255 read/write operations are

8-bit operations.

The base address (designated as BA) can be selected using DIP switch Sl as described in Chapter l, Board

Settings. This switch can be accessed without removing the board from the computer. 51 is factory set at 300 hex
(768 decimal). The following sections describe the register contents of each address used in the VO map.

Table 4-1- TC1024 UO Map

Register Description Read Function Write Function
Address *
(Decimal)

8255 PPI Port A Read Port A digital input lines
Program Port A digital output
lines B A + 0

8255 PPI Port B Read Port B digital input lines
Program Port B digitaloutput
lines B A + 2

8255 PPI Port C Read Port C digital input lines
Program Port C digital output
lines B A + 4

8255 PPI ControlWord Reserued Program PPI configuration B A + 6

Am9513A #1 Data Word
Read data register for
Counters 1-5

Program data register for
Counters 1-5 B A + 8

Am9513A #1 ControlWord
Read control register for
Counters 1-5

Program control register for
Counters 1-5 B A + 1 0

Am9513A #2 Data Word
Read data register for
Counters 6-10

Program data register for
Counters 6-10 B A + 1 2

Am9513A #2 ControlWord
Read control register for
Counters 6-10

Program control register for
Counters 6-10 B A + 1 4

* BA = Base Address

BA + 0: PPI Port A - Digital I/O (Read/Write)

8-bit operation. Transfers the 8-bit Port A digital input and digital output data between the board and an
external device. A read transfers data from the external device, through on-board connector P4, and into PPI Port A;
a write transfers the written data from Port A through P4 to an external device.

BA + 2: PPI Port B - Digital VO (Read/Write)

8-bit operation. Transfers the 8-bit Port B digital input and digital output data between the board and an
external device. A read transfers data from the external device, through external VO connector P3, and into PPI Port
B; a write transfers the written data from Port B through P3 to an external device.

B.d + 4: FPI Port C - Digital VO (Read/Write)

8-bit operation. Transfers the two 4-bit Port C digital input and digital output data groups (Port C Upper and
Port C Lower) between the board and an external device. A read transfers data from the external device, through on-
board connector P4, and into PPI Port C; a write transfers the written data from Port C through P4 to an external
device. The bottom four bits, PC0-PC3, are also brought out to external VO connector P3.
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BA + 6: 8255 PPI Control Word (Write Only)

8-bit operation. When bit 7 of this word is set to 1, a write programs the PPI configuration. The table below
shows the control words for the 16 possible Mode 0 Port VO combinations.

Mode Set
1 = active

D7 D6 D5 D4 D3 D2 D1 DO

r -l rr--l--T.
l l  |  |  Po r t
l t  |  |  0=c

i i l l l=i
I t  I  eor te
l 1  |  o=ou tpu t
l i  |  1= inPut
t ; l
1 | Mode Select

i l  o=modeo
: l  1 = m o d e 1

Fns 
i

1",
i3:
I  tc
I
I
I
I

rde Seler
= mode
= mode
= mode

:t

Port A
0 = output
1 = input

-l
t C Lower
output
input

Port G Upper
I
L i3!-B-l

I  0=output  I
f r " " f___,=,"0r ,__l

8255 Port l/O Flow Direction and ControlWords, Mode 0

Group A Group B ControlWord

Port A
Port C
Upper Port B

Port C
Lower Binary Decimal Hex

Output Output Output Output 1 0 0 0 0 0 0 0 128 80

Output Output Output Input 1 0 0 0 0 0 0 1 129 81

Output Output Input Output 1 0 0 0 0 0 1 0 130 82

Output Output Input Input 1 0 0 0 0 0 1 1 1 3 1 83

Output lnput Output Output 1 0 0 0 1 0 0 0 136 88

Output Input Output Input 1 0 0 0 1 0 0 1 137 89

Output Input Input Output 1 0 0 0 1 0 1 0 138 8A

Outpul Input Input Input 1 0 0 0 1 0 ' l  1 139 8B

Input Output Output Output 1 0 0 1 0 0 0 0 144 90

Input Output Output Input 1 0 0 1 0 0 0 1 145 91

Input Output Input Output 1 0 0 1 0 0 1 0 146 92

Inpul Output Input Input 1 0 0 1 0 0 1 1 't47 93

Input lnput Output Output 1 0 0 1 1 0 0 0 152 98

Inpul Input Output Input 1 0 0 1 1 0 0 1 153 99

Input Input Input Output 1 0 0 1 1 0 1 0 '154 9A

Input Input Input Input 1 0 0 1 1 0 1 1 155 9B
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bit 7 of this word is set to 0, a write can be used to individually program the Port C lines.

D7 D6 D5 D4 D3 D2 D1 DO

For example, if you want to set Port C bit 0 to 1, you would set up the control word so that bit 7 is 0; bits 1, 2,

and 3 are 0 (this selects PC0); and bit 0 is 1 (this sets PCO to 1). The control word is set up like this:

0xxxo001

D7 D6 D5 D4 D3 D2 D1 DO

X = don't care

Bir
Set PGO

Sets PCO to 1:
(written to BA +6)

SeUReset
Function Bit
0 = active

SeUReset
Function

Bit Select
ggg = pCO
001 = PC1
010 = PC2
0 1 1  = P C 3
100 = PC4
101 = PCS
1 1 0  =  P C 6
1 1 1  =  P C 7

Bit SeUReset
0 = s e t b i t t o 0
1 = s e t b i t t o l

Bit Select
000 = PCO

IMPORTANT

Because of the bus release time of the Am95l3A, AMD recommends you insert a small
delay between software accesses to the chip.

BA + 8: Am9513A #l Data Register (Read/Write)

16-bit operation (after initialization). Accesses the Am9513A data register for counters 1-5. This chapter

explains initialization procedures. See the example programs in Chapter 5 and the data sheet included in Appendix C

for more information on the operation of the Am9513A.

BA + 10: Am9513A #L Command Register (Read/Write)

L6-bit operation (after initialization). Accesses the Am9513A command register for counters 1-5. This
chapter explains initialization procedures. See the example programs in Chapter 5 and the data sheet included in
Appendix C for more information on the operation of the Am9513A.

BA + 12: Am9513A #2Data Register (Read/Write)

16-bit operation (after initialization). Accesses the Am9513A data register for counters 6-10. This chapter
explains initialization procedures. See the example programs in Chapter 5 and the data sheet included in Appendix C
for more information on the operation of the Am9513A.

BA + 14: Am9513A #2 Command Register (Read/Write)

16-bit operation (after initialization). Accesses the Am9513A command register for counters 6-10. This
chapter explains initialization procedures. See the example programs in Chapter 5 and the data sheet included in
Appendix C for more information on the operation of the Am9513A.
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Programming the TCLO? 

This section gives you some general information about programming and theTCl024 board. Chapter 5 provides

some specific programming examples, and the Am95l3A data sheet in Appendix C provides detailed programming

information for all24 operating modes of the Am95l3A. These tools will help you as you use the example programs

included with the board. All of the program descriptions in this section use decimal values unless otherwise speci-
fied"

The TCl024 is programmed by writing to and reading from the correct UO port locations on the board. These
VO ports were defined in the previous section. Because theTCl024 is AT bus compatible, reading/writing the
Am9513As is done in a 16-bit word format. All other operations are done in an 8-bit word format. HighJevel

languages such as Pascal, C, and C++ make it very easy to readlwite these ports. The table below shows you how to
read from and write to VO ports in Turbo C and Turbo Pascal.

Language Read 8 Bits Write 8 Bits Read 16 Bits Write 16 Bits

Turbo C Data = inportb(Address)outportb(Address, Data) Data = inport(Address)outport(Address, Data)

Turbo Pascal Data:= Port[Address]Port[Address] := Data Data:= PortW[Address]PortW[Address]:= Data

In addition to being able to read/write the VO ports on theTClO24, you must be able to perform a variety of
operations that you might not normally use in your programming. The table below shows you some of the operators

discussed in this section, with an example of how each is used with Pascal and C.

Language Modulus Integer Division AND OR

c o/
/o

a = b 7 o c a = b l c
&

a=b&c
I

a = b l c

Pascal MOD
a : =  b  M O D  c

DIV
a : = b D l V c

AND
a : = b A N D c

OR
a : = b O R c

Many compilers have functions that can read/write either 8 or 16 bits from/to an VO port. For example, Turbo

Pascal uses Port for 8-bit port operations and PortW for 16 bits, Turbo C uses inportb for an 8-bit read of a port

and inport for a 16-bit read. Be sure to use the correct function for 8-bit and 16-bit operations with the

TCIO2A'!

Clearing and Setting Bits in a Port

When you clear or set one or more bits in a port, you must be careful that you do not change the status of the
other bits. You can preserve the status of all bits you do not wish to change by proper use of the AND and OR
binary operators. Using AND and OR, single or multiple bits can be easily cleared in one operation.

To clear a single bit in a port, AND the current value of the port with the value b, where b = 255 - Zbit.

Example: Clear bit 5 in a port. Read in the current value of the port, AND it with 223
(223 =255 - 2s), and then write the resulting value to the port. In BASIC, this is programmed as:

V  -  INP(Por tAdd ress )
V = V A N D 2 2 3
OUT PortAddress,  V
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To set a single bit in a port, OR the current value of the port with the value b, where b = 2b7.

Example: Set bit 3 in a port. Read in the current value of the port, OR it with 8 (8 = 23), and then
write the resulting value to the port. In Pascal, this is programmed as:

V  : =  P o r t  I P o r t A d d r e s s ] ;
V  : =  V  O R  8 ;
Po rL IPo r tAdd ress ]  :=  V ;

Setting or clearing more than one bit at a time is accomplished just as easily. To clear multiple bits in a port,

AND the current value of the port with the value b, where b = 255 - (the sum of the values of the bits to be cleared).
Note that the bits do not have to be consecutive.

Example: Clear bits 2,4, and 6 in a port. Read in the current value of the port, AND it with 171
(l7I =255 - 22 - 2o - 2u), and then write the resulting value to the port. In C, this is programmed

AS:

v = inpor tb(por t -address)  ;
v = v & t 1 L ;
outpor tb (por t -address,  v)  ;

To set multiple bits in a port, OR the current value of the port with the value b, where b = the sum of the
individual bits to be set. Note that the bits to be set do not have to be consecutive.

Example: Set bits 3, 5, and 7 in a port. Read in the current value of the port, OR it with 168
(168 = 23 + 25 + 21), and then write the resulting value back to the port. In assembly language, this
is programmed as:

mov dx, PortAddress
i n  a l ,  d x
o r  a l ,  1 6 8
ou t  dx ,  a l

Often, assigning a range of bits is a mixture of setting and clearing operations. You can set or clear each bit
individually or use a faster method of first clearing all the bits in the range then setting only those bits that must be
set using the method shown above for setting multiple bits in a port. The following example shows how this two-
step operation is done.

Example: Assign bits 3, 4, and 5 in a port to 101 (bits 3 and 5 set, bit 4 cleared). First, read in the
port and clear bits 3,4, and 5 by ANDing them with 199. Then set bits 3 and 5 by ORing them
with 40, and finally write the resulting value back to the port. In C, this is programmed as:

v  =  i npo r tb (po r t_add ress ) , -
v - v & 1 9 9 ;
v  =  v  |  4 0 ;
outpor tb (por t -address,  v)  ;

A final note: Don't be intimidated by the binary operators AND and OR and try to use operators for which you

have a better intuition. For instance, ifyou are tempted to use addition and subtraction to set and clear bits in place

of the methods shown above, DON'T! Addition and subtraction may seem logical, but they will not work if you try
to clear a bit that is already clear or set a bit that is already set. For example, you might think that to set bit 5 ofa
port, you simply need to read in the port, add 32 (25) to that value, and then write the resulting value back to the port.

This works fine if bit 5 is not already set. But, what happens when bit 5 is already set? Bits 0 to 4 will be unaffected
and we can't say for sure what happens to bits 6 and 7, but we can say for sure that bit 5 ends up cleared instead of
being set. A similar problem happens when you use subtraction to clear a bit in place of the method shown above.

Now that you know how to clear and set bits, we are ready to look at the programming steps for the TCl024
board functions.
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Initializing the Am9513A

The Am9513A has a sophisticated internal architecture which is programmed through a series of internal
registers. These internal registers are accessed by writing to and reading from only two VO port locations for each
Am9513A. on the TC1024 board. For Am9513A #1 which contains counters 1-5, the Data Register port is at BA + 8

and the Control Register port is at BA + 10. For Am9513A #2 which contains counters 6-10, the Data Register port

is at BA + 12 and the Control Register port is at BA + 14. In our example programs, follow these steps to initialize

the Am9513A. Note that until you point to and set up the master mode register in step 2, you must send your

commands in S-bit format. After the master mode register has been configured for 16-bit operation by setting bit 13
to a logic 1, you can then send 16-bit words to the Am9513A.

1. Send a master reset to the Am9513A (8-bit)

2. Point to and set up the master mode register (8-bit)
(When setting up the master mode register, set MM13 to logic I so that you can do 16-bit transfers)

3. Point to and set up counter 1 mode register (16-bit)

4. Point to counter 1 load register and load desired value (16-bit)

5. Point to and set up counter 2mode register (16-bit)

6. Point to counter 2 load register and load desired value (16-bit)

a

11. Point to and set up counter 5 mode register (16-bit)

12. Point to counter 5 load register and load desired value (16-bit)

13. Load and arm counters (16-bit)

The examples on the disk and in Chapter 5 will aid you in programming the Am9513A for your application.
These tools and the data sheet in Appendix C provide a comprehensive description of timer/counter operation.

IMPORTANT

Because of the bus release time of the Am95 13A, AMD recommends you insert a small
delay between software accesses to the chip.

Initializing the 8255

Before you can use the 24 digital VO lines on your TC|OT4, the 8255 PPI must be initialized. This step must be
executed every time you start up, reset, or reboot your computer.

The 8255 is initialized by writing the appropriate control word to VO port BA + 6. The contents of your control

word will vary, depending on how you want to configure your VO lines. Use the control word description in the
previous VO map section to help you program the right value. In the example below, a decimal value of 128 sets up
the 8255 so that all VO lines are Mode 0 outputs. Remember that if you want to use Mode I or Mode 2 operation,
you must remove the Port A and/or Port C buffers from the board and close the buffer bypass switches. Chapter I
explains how to do this in the paragraphs covering 52 and 53.

D7 D6 D5 D4 D3 D2 D1 DO

Digital VO Operations

Once the 8255 is initialized, you can use the digital VO lines to control or monitor external devices.
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Interrupts

. What Is an Interrupt?

An interrupt is an event that causes the processor in your computer to temporarily halt its current process and

execute another routine. Upon completion of the new routine, control is returned to the original routine at the point

where its execution was intemrpted.

Interrupts are very handy for dealing with asynchronous events (events that occur at less than regular intervals).

Keyboard activity is a good example; your computer cannot predict when you might press a key and it would be a

waste of processor time for it to do nothing while waiting for a keystroke to occur. Thus, the interrupt scheme is

used and the processor proceeds with other tasks. Then, when a keystroke does occur, the keyboard 'intemrpts' the

processor, and the processor gets the keyboard data, places it in memory, and then returns to what it was doing

before it was intemrpted. Other cornmon devices that use intemrpts are modems, disk drives, and mice.

Your TCl024 board can interrupt the processor when a variety of conditions are met, such as when any of the

10 timer countdowns is finished. Intemrpts can also be generated by the 8255 PPI or an external source. By using

these interrupts, you can write software that effectively deals with real world events.

. Interrupt Request Lines

To allow different peripheral devices to generate interrupts on the same computer, the AT bus has 16 different

interrupt request (IRQ) lines. A transition from low to high on one ofthese lines generates an interrupt request

which is handled by one of the AT's two intemrpt control chips. One chip handles IRQO through IRQT and the other

chip handles IRQ8 through IRQl5. The controller which handles IRQ8-IRQl5 is chained to the first controller

through the IRQ2 line. When an IRQ line is brought high, the interrupt controllers check to see if intemrpts are to be

acknowledged from that IRQ and, if another interrupt is already in progress, they decide if the new request should

supersede the one in progress or if it has to wait until the one in progress is done. This prioritizing allows an

interrupt to be intemrpted if the second request has a higher priority. The priority level is determined by the number

of the IRQ. Because of the configuration of the two controllers, with one chained to the other through IRQ2, the

priority scheme is a little unusual. IRQO has the highest priority, IRQ1 is second-highest, then priority jumps to

IRQ8, IRQ9, IRQ10, IRQl1, IRQ12, IRQ13, IRQ14, and IRQ15, and then following IRQ15, it jumps back to IRQ3,

IRQ4, IRQ5, IRQ6, and finally, the lowest priority, IRQ7. This sequence makes sense if you consider that the

controller that handles IRQS-IRQIS is routed through IRQ2.

. 8259 Programmable Interrupt Controllers

The chips responsible for handling interrupt requests in the PC are the 8259 Programmable Interrupt Control-

lers. The 8259 thathandles IRQ0-IRQ7 is referred to as 8259A, and the 8259 that handles IRQ8-IRQl5 is referred

to as 8259B. To use intemrpts, you need to know how to read and set the 8259 intemrpt mask registers (IMR) and

how to send the end-of-intemrpt (EOI) command to the 8259s.

.Interrupt Mask Registers (IMR)

Each bit in the interrupt mask register (IMR) contains the mask status of an IRQ line; in 8259A, bit 0 is for
IRQ0, bit 1 is for IRQI, and so on, while in 8259B, bit 0 is for IRQ8, bit I is for IRQ9, and so on. If a bit is set
(equal to 1), then the corresponding IRQ is masked and it will not generate an interrupt. If a bit is clear (equal to 0),
then the corresponding IRQ is unmasked and can generate interrupts. The IMR for IRQO-IRQ7 is programmed

through portzlH, and the IMR for IRQS-IRQIS is programmed through port AlH.

IRQT tRo6 IRQs IRQ4 IRQ3 IRQ2 tRol tRoo

rRol5 rRo14 rRol3 IRQ12 IRQ11 IRQlO IRQ9 IRQS

For all bits:
0 = IRQ unmasked (enabled)
1 = IRQ masked (disabled)

l/O Port 21H

l/O Port A1H
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. End-of-Interrupt (EOI) Command

After an intemrpt service routine is complete, the appropriate 8259 intemrpt controller must be notified. When

using IRQO-IRQ7, this is done by writing the value 20H to I/O port 20H only; when using IRQ8-IRQl5, you must

write the value 20H to VO ports 20H and A0H.

. What Exactly Happens When an Interrupt Occurs?

Understanding the sequence of events when an interrupt is triggered is necessary to properly write software
intemrpt handlers. When an interrupt request line is driven high by a peripheral device (such as the TC1024), the

intemrpt controllers check to see if intemrpts are enabled for that IRQ, and then check to see if other intemrpts are

active or requested and determine which intemrpt has priority. The intemrpt controllers then intemrpt the processor.

The current code segment (CS), instruction pointer (IP), and flags are pushed on the stack for storage, and a new CS

and IP are loaded from a table that exists in the lowest 1024 bytes of memory. This table is referred to as the

interrupt vector table and each entry is called an intemrpt vector. Once the new CS and IP are loaded from the

intemrpt vector table, the processor begins executing the code located at CS:IP. When the interrupt routine is

completed, the CS, IP, and flags that were pushed on the stack when the intemrpt occurred are now popped from the

stack and execution resumes from the point where it was intemrpted.

. Using Interrupts in Your Programs

Adding intemrpts to your software is not as difficult as it may seem, and what they add in terms of performance

is often worth the effort. Note, however, that although it is not that hard to use interrupts, the smallest mistake will

often lead to a system hang that requires a reboot. This can be both frustrating and time-consuming. But, after a few

tries, you'll get the bugs worked out and enjoy the benefits of properly executed intemrpts. In addition to reading the

following paragraphs, study the INTRPIS source code included on your TCl024 program disk for a better under-

standing of intemrpt program development.

. Writing an Interrupt Service Routine (ISR)

The first step in adding intemrpts to your software is to write the interrupt service routine (SR). This is the

routine that will automatically be executed each time an interrupt request occurs on the specified IRQ. An ISR is

different than standard routines that you write. First, on entrance, the processor registers should be pushed onto the

stack BEFORE you do anything else. Second, just before exiting your ISR, you must write an end-of-interrupt

command to the 8259 controller(s). Since 8259B generates a request on IRQ2 which is handled by 82594, an EOI

must be sent to both 82594 and 82598 for IRQ8-IRQl5. Finally, when exiting the ISR, in addition to popping all

the registers you pushed on entrance, you must use the IRET instruction and not a plain RET. The IRET automati-

cally pops the flags, CS, and IP that were pushed when the interrupt was called.

If you find yourself intimidated by these requirements, take heart. Most Pascal and C compilers allow you to

identify a procedure (function) as an intemrpt type and will automatically add these instructions to your ISR, with

one important exception: most compilers do not automatically add the end-of-intemrpt command to the procedure;
you must do this yourself. Other than this and the few exceptions discussed below, you can write your ISR just like

any other routine. It can call other functions and procedures in your program and it can access global data. If you are
writing your first ISR, we recommend that you stick to the basics;just something that will convince you that it

works, such as incrementing a global variable.

NOTE: If you are writing an ISR using assembly language, you are responsible for pushing and popping

registers and using IRET instead of RET.

There are a few cautions you must consider when writing your ISR. The most important is, do not use any
DOS functions or routines that call DOS functions from within an ISR. DOS is not reentrant; that is, a DOS
function cannot call itself. In typical programming, this will not happen because of the way DOS is written. But
what about when using intemrpts? Then, you could have a situation such as this in your program. If DOS function X
is being executed when an interrupt occurs and the interrupt routine makes a call to DOS function X, then function
X is essentially being called while it is already active. Such a reentrancy attempt spells disaster because DOS
functions are not written to support it. This is a complex concept and you do not need to understand it. Just make
sure that you do not call any DOS functions from within your ISR. The one wrinkle is that, unfortunately, it is not
obvious which library routines included with your compiler use DOS functions. A rule of thumb is that routines

4-t0



which write to the screen, or check the status of or read the keyboard, and any disk VO routines use DOS and should

be avoided in your ISR.

The same problem of reentrancy exists for many floating point emulators as well, meaning you may have to

avoid floating point (real) math in your ISR.

Note that the problem of reentrancy exists, no matter what programming language you .Ire using. Even if you

are writing your ISR in assembly language, DOS and many floating point emulators are not reentrant. Of course,
there are ways around this problem, such as those which involve checking to see if any DOS functions are currently
active when your ISR is called, but such solutions are well beyond the scope of this discussion.

The second major concern when writing your ISR is to make it as short as possible in terms of execution time.

Spending long periods of time in your ISR may mean that other important interrupts are being ignored. Also, if you

spend too long in your ISR, it may be called again before you have completed handling the first run. This often leads

to a hang that requires a reboot.

Your ISR should have this structure:

. Push any processor registers used in your ISR. Most C and Pascal interrupt routines automatically do this for
you.

. Put the body of your routine here.

. Issue the EOI command to the 8259 intemrpt controller by writing 20H to port 20H and port AOH (if you are

using IRQ8-IRQ15).

. Pop all registers pushed on entrance. Most C and Pascal intemrpt routines automatically do this for you.

The following C and Pascal examples show what the shell of your ISR should be like:

In C:

void interrupt ISR(void)

{
/* Your code qoes here. Do not

outportb(0x20, 0x20) i
ou tpor tb (0x20,  0xA0) ;

]

In Pascal:

Procedure ISR; Interrupt;
begin

use any DOS functions! */

/* Send EOI comrnand to 8259A (for al l  IRQs)*/

/* Send EOI corffnand to 82598 ( i f  using IRQS-15) */

Send EOI conrnand to 8259A (for all IRQs) ]
Send EOI conrnand to 82598 ( i f  using IRQS-15) ]

{ Your code gJoes here. Do not use
Por t [ $20 ]  ,=  $20 ;
Po r t [ $A0 ]  :=  $20 ;

any

{
{

eno;

. Saving the Startup Interrupt Mask Register (IMR) and Interrupt Vector

The next step after writing the ISR is to save the startup state of the intemrpt mask register and the intemrpt
vector that you will be using. The IMR for IRQ0-IRQ7 is located at VO port 21H; the IMR for IRQ8-IRQl5 is
located at VO port AlH. The interrupt vector you will be using is located in the intemrpt vector table which is
simply an €uray of 256 four-byte pointers and is located in the first lO24 bytes of memory (Segment = 0, Offset = 0).

You can read this value directly, but it is a better practice to use DOS function 35H (get intemrpt vector). Most C
and Pascal compilers provide a library routine for reading the value of a vector. The vectors for IRQO-IRQ7 are
vectors 8 through 15, where IRQO uses vector 8, IRQ1 uses vector 9, and so on. The vectors for IRQ8-IRQl5 are
vectors 70H through 

'17H, where IRQ8 uses vector 70H, IRQ9 uses vector 71H, and so on. Thus, if the TC1024 will
be using IRQ15, you should save the value of interrupt vector 77H.

Before you install your ISR, temporarily mask out the IRQ you will be using. This prevents the IRQ from
requesting an interrupt while you are installing and initializing your ISR. To mask the IRQ, read in the current IMR
at VO port 2lH for IRQO-IRQ7, or at VO port AlH for IRQ8-IRQl5 and set the bit that corresponds to your IRQ
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(remember, setting a bit disables interrupts on that IRQ while clearing a bit enables them). The IMR on 82594 is

arranged so that bit 0 is for IRQO, bit 1 is for IRQI, and so on. The IMR on 8259B is arranged so that bit 0 is for

IRQ8, bit 1 is for IRQ9, and so on. See the paragraph entitled Interrupt Mask Register (IMR) earlier in this chapter
for help in determining your IRQ's bit. After setting the bit, write the new value to VO port 21H (IRQ0-IRQ7) or VO
portAlH (IRQ8-IRQI5).

With the startup IMR saved and the interrupts on your IRQ temporarily disabled, you can assign the intemrpt

vector to point to your ISR. Again, you can overwrite the appropriate entry in the vector table with a direct memory

write, but this is a bad practice. Instead, use either DOS function 25H (set intemrpt vector) or, if your compiler
provides it, the library routine for setting an intemrpt vector. Remember that vectors 8-15 are for IRQ0-IRQ7 and
vectors 7OH-77H are for IRQ8-IRQl5.

If you need to program the source of your intemrpts, do that next. For example, if you are using a timer/counter
to generate intemrpts, you must program it to run in the proper mode and at the proper rate.

Finally, clear the bit in the IMR for the IRQ you are using. This enables interrupts on the IRQ.

. Restoring the Startup IMR and Interrupt Vector

Before exiting your program, you must restore the interrupt mask register and intemrpt vectors to the state they
were in before your program started. To restore the IMR, write the value that was saved when your program started
to VO port 2lHfor IRQ0-IRQ7 or VO port AIH for IRQ8-IRQl5. Restore the intemrpt vector that was saved at

startup with either DOS function 25H (set intemrpt vector), or use the library routine supplied with your compiler.
Performing these two steps will guarantee that the interrupt status of your computer is the same after running your
program as it was before your program started running.

. Common Interrupt Mistakes

. Remember that hardware intemrpts are numbered 8 through 15 for IRQO-IRQ7 and 70H through 77Hfor

rRQs-IRQ1s.
. One of the most common mistakes when writing an ISR is forgetting to issue the EOI command to the

appropriate 8259 intemrpt controller before exiting the ISR.

Example Programs

Included with the TCl024 is a set of example programs that demonstrate the use of many of the board's
features. These examples are in written in C and Pascal. Also included is an easy-to-use menu-driven diagnostics
program, 1024DIAG, which is especially helpful when you are first checking out your board after installation.

C and Pascal Programs

These programs are source code files so that you can easily develop your own custom software for your
TC1024 board.

Timer/Counter:

INTRPTS Shows how to generate interrupts and read the digital UO lines.

COUNT Shows how to use the Am9513A as a simple counter.

Digital VO:

DIGITAL Simple program that shows how to read and write the digital VO lines.
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CHAPTER 5

EXAMPLES OF Am9513A APPLICATIONS

This chapter steps through an example program to help you
understand how the Am9513A registers are programmed. The data
pointer register and command registers are summarrzedin tables.
The master mode and counter mode register bit assignments are
also included, as well as the frequency scaler ratios.





This chapter provides a more detailed look at an example program using the Am9513A for counting. If you are
unfamiliar with the Am9513A and how it is programmed, walking through this example and the other example
programs included on your TCl024 disk may be the best way to understand the many registers and their operation
so that you can successfully develop your own programs for your specific applications.

IMPORTANT

Because of the bus release time of the Am95 13A, AMD recommends you insert a small
delay between software accesses to the chip.

EXAMPLE: Counting Program Using Timer/Counters lr2rand3

This Turbo C program, EXAMPLE.C on the included disk, shows you how to program the Am9513A's timer/
counters L,2, and 3 to perform a simple counting function. In this example, counter I is used to divide the on-board
5 MHz clock by 10,000. The output from counter I (5 MHz - 10,0fi) = 500 Hz) is used to clock counter 2. Counter
2 is used to divide this 500 Hz clock by 500. The result is a 1 Hz clock which is used to clock counter 3. Counter 3
counts the IHz pulses. The count value from counter 3 is displayed on the screen. This value should start at 0 and
increment once each second.

The first lines of the program initialize the board. The address in the variable "BA" must match the setting of

the base address switch, 51, on the board. The factory setting of 51 is 300 hex (768 decimal).

in t  board ,  j ,  resu l t ,  d r ,  c r ;
board = 768;
d r = b o a r d + 1 2 ;
c r = b o a r d + 1 4 ;

Now, reset the Am95l3A timer/counter chip (see Table 5-2):

^ , , f n ^ r f  / n r  O v f f \ .
v u  u F v r

,AM9513A MASTER RESET

Next, set up the Am9513A master mode register (see Figure 5-1). These are the settings we will use:

Scaler Control = binary division
Data Pointer Control = disable increment
Data Bus Width = 16 bits
FOUT Gate = FOUT on
FOUT Divider = divide by 16
FOUT Source = F1 (see Figure 5-3)
Compare 2 Enable = disabled
Compare 1 Enable = disabled
Time-of-Day Mode = disabled

VALUE = HEX 6000

^ r  l f  n ^ r f  l  r r  O v f  f  l ' 7  \  .
v u u v v r  u

^ , , t n ^ r f  / r r  O v O O \ .vu uvvr

^ , r f h ^ r F  / a r  n v A O \ .v u u P v ! s  \ u r r v . \ v v l  t

/* point to naster mode register (tabfe 5-I) */

/* master mode lsb */

/* master mode msb */
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Table 5-1 - Load Data Pointer Gommands

Element Cycle Hold Cycle

Mode
Register

Load
Register

Hold
Fegister

Hold
Register

Counter 1 FFOl FF09 FF1 1 FF19

Counter 2 FF02 FFOA FF12 FFlA

Counter 3 FFO3 FFOB FF13 FF1 B

Counter 4 FFO4 FFOC FF14 FF lC

Counter 5 FFOS FFOD FF15 FF1 D

Master Mode Register = FF17
AlarmlReg is te r=FF07
Alarm2Register=FF0F
Status Register = FFl F

Next, set up the counter 1 mode register (see Figure 5-2). These are the settings we will use:

Gating Control = no gating
Source Edge = rising edge
Count Source Selection = Fl
Count Control = disable special gate

= reload from load
= count repetitively
= binary count
= count down

Output Control = TC toggled

VALUE =HBXOBZ2

outport (cr,0xff01); /* point to counter l- mode register (table 5-L) */

outport (dr,0x0b22); /* counter 1 mode */

Put the hex number 2710 (decimal 10,000) in counter 1 load register:

^ r r i - n n r f  l n r  O v f f 0 9 ' l  :

outport (dr,0x27l-0) ;

Next, set up the counter 2 mode register (see Figure 5-2). These are the settings we will use:

Gating Control = no gating
Source Edge = rising edge
Count Source Selection = TCN-1
Count Control = disable special gate

= reload from load
= count repetitively
= binary count
= count down

Output Control = TC toggled

VALUE =H8X0022

/ *  n n i n f  f ^  ^ ^ r r n f 6 r  1  l n a d  r o a i c f o r  l f a h l a  q - 1 \  * /
/  v v l r r u

/* counter 1 data */
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Tabfe 5-2- Am9513A Command Summary

Command Code

Command Descriptionc7 c6 c5 c4 c3 c2 c1 c0

0 0 0 E2 E1 G4 G2 G1
Load data pointer register with contents of E & G fields. (E + 000,
G * 110). E & G fields described in Appendix C.

0 0 1 S5 S4 S3 S2 S1 Arm counting for all selected counters

0 1 0 S5 S4 S3 S2 S 1 Load contents of specified source into all selected counters

0 1 1 S5 S4 S3 S2 S1 Load & arm all selected counters"

0 0 S5 S4 S3 S2 S1 Disarm & save all selected counters

0 1 S5 S4 s3 S2 S1 Save all selected counters in hold register

1 0 S5 S4 S3 S2 S 1 Disarm all selected counters

1 1 1 0 1 N4 N2 N1 Set toggle out (high) for counter N (001 < N < 101)

1 1 1 0 0 N4 N2 N1 Clear toggle out (low) for counter N (001 < N < 101)

1 1 1 1 0 N4 N2 N1 Step counter N (001 < N < 101)

1 1 1 0 1 0 0 0 Set MM14 (disable data pointer sequencing)

1 1 1 0 'l 1 1 0 Set MM12 (gate off FOUT)

1 1 1 0 1 1 ,l 1 Set MM13 (enter 16-bit bus mode)

1 1 1 0 0 0 0 0 Clear MM14 (enable data pointer sequencing)

1 1 1 0 0 1 1 0 Clear MM12 (gate on FOUT)

1 1 1 0 0 1 'l 1 Clear MM13 (enter 8-bit bus mode)

1 1 1 1 1 0 0 0 Enable prefetch for write operations

1 1 1 1 1 0 0 1 Disable prefetch for write operations

1 1 1 1 1 1 1 1 Master reset

* Not to be used for asynchronous operations.

outport (cr,0xff02); /* point to counter 2 mode register (table 5-I) */

outport (dr,0x0022); /* counter 2 mode */

Put the hex number 1F4 (decimal 500) in counter 2 load register:

outport (cr,OxffOa); /* point to counter 2 load reqister (table 5-t1 *1

ouLport (dr,0x01f4); /  * counter 2 daLa */
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FOUT Divider

Scaler Control 10 = TOD enabled, +6 input
0 = binary division 11 = TOD enabled, +10 input
1 = BCD division

Fig. 5-1 - Master Mode Register Bit Assignments

0000 = divide by 16
0001 = divide by 1
0010 = divide by 2
0011 = divide by 3
0100 = divide by 4
0101 = divide by 5
0110 = d iv ide by 6
0111 = d iv ide by 7
1000 = divide by 8
1001 = divide by 9
1010 = d iv ide by '10
101 1 = d iv ide by 11
1 1 00 = divide by 12
1 1 01 = divide by 13
1 1 10 = d iv ide by 14
1  111  =  d i v i de  by  15

FOUT Source
0000 = F1
0001 = SRC 1
0 0 1 0 = S R C 2
0011 =  SRC 3
0100 = SRC 4
0101 = SRC 5
01 10 = GATE 1
0 1 1 1  = G A T E 2
1000 = GATE 3
1001 = GATE 4
1010 = GATE 5
1 0 1 1  =  F 1
1 1 0 0 = F 2
1 1 0 1  =  F 3
1 1 1 0 = F 4
1 1 1 1  =  F 5

MMl5 MM14 MMl3 MM12MMl1 MMl(} MM9 MM8 MM7 MM6 MM5 MM4 MM3 MM2 MMl MM()

FOUT Gate ComPare 2 Enable -----t

0=FOUTon 0=d isab led
1 = FOUT off (low Z to gnd) 1 = enabled

Data Bus Width
0 = g-bit bus compare 1 Enable

1 = 16-bit bus 0 = disabled
1 = enabled

Data Pointer Control
0 = enable increment Time-of-Day Mode -
1 = disable increment 00 = TOD disabled

01 = TOD enabled, +5 input

Next, set up the counter 3 mode register (see Figure 5-2). These are the settings we will use:

Gating Control = no gating
Source Edge = rising edge
Count Source Selection = TCN-I
Count Control = disable special gate

= reload from load
= count repetitively
= binary count
= COUII Up

Output Conffol = TC toggled

VALUE = HEX 002A
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0000 = TCN-1
0001 =SRC 1
0010 = SRC 2
0 0 1 1  = S R C 3
0100 = SRC 4
0 1 0 1  = S R C 5
0110 =  GATE 1
0 1 1 1  = G A T E 2
1000 = GATE 3
1 0 0 1  = G A T E 4
1010 = GATE 5
1 0 1 1  =  F 1
1 1 0 0 = F 2
1101 =  F3
1 1 1 0 = F 4
1 1 1 1  =  F 5

0 = disable special gatl
1 = enable special gat(

0 = reload from load
1 = reload from load or

hold
(except in mode X
which reloads only
from load

0 = count once
1 = coUrt repetitively

0 = binary count
1 = BCD count

0 = count down
1 = count up

cMl5 cMl4 cMl3 cMl2 cM11 cM10 cM9 cM8 cM7 cM6 cM5 cM4 cM3 cM2 cMl cM0

Source Edge
0 = count on rising edge
1 = count on falling edge

Output Control
000 = inactive, output low
001 = active high terminal pulse count

Count Source Selection Counter Control
gate
gate

Gating Control
000 = no gating
001 = active high TCN-1
010 = active high levelgate N + 1
011 = active high level gate N - 1
100 = active high levelgate N
101 = active low level gate N
1 10 = active high edge gate N
111 = active low edge gate N

010 = TC toggled
0 1 1  = n o t u s e d
100 = inactive, output high impedance
101 = active low terminal pulse count
1 10 = not used
1 1 1  = n o t u s e d

Fig. 5-2 - Counter Mode Register Bit Assignments

^ , , f h ^ r t s  / a r  O v f f 0 ? \
v q L v v !  e

outport (dr,0x002a) ;

/ *  n a i n f  t - ^  ^ n r r n f 6 r  ?  m n r l a  r a a i q l - a r  / f ^ h l a  q - 1 \  * /
/  v v f l l u

/* counter 3 mode *l'

Put the hex number 0000 in counter 3 load register:

^ , , f ^ ^ - t s  / n r  O v f f f l h \  .
v q u v v !  e

outpor t  (d r ,0x0000) ;

ou tpor t  (c r ,0x0057)  ;

/* poi.nt to counter 3 load register (table 5-7) */

/* counter 3 data */

/* load and arm counters 1,, 2 & 3 (table 5-2) '  *1

5-7



F1

F2

F3

F4
X1

F5

x2

Fig. 5-3 - Frequency Scaler Ratio

The main program for taking a total of 25 readings is:

i  - n .

clrscr ( )  ;
wh i le  ( j<25)

t
outport ( cr , 0x0 0a4 ) ;
o u t p o r t ( c r , 0 x f f 1 3 ) ;
resul-t=inport (dr) ;
n r i n f  f  / n 9 q . l i l  r a q r r l 1 -  \ .
v ! f r r u !  \  o J s  t

d e l a y ( 1 0 0 0 ) ;
i  -  i , 1  .
J  

-  
J  

I  L '

)

/* save counter 3 in hold register
/ *  n n i  n t -  f  ^  ^ ^ r r n f  a r  ?  h a l  d  r o a i  q l -  a r

/* read counter 3 data */

/ *  n r i  n l -  r a < l r l  | .  *  /

( tab le  5 -21  *1

(tab1e 5-t).  *1

FREOUENCY SCALER

Frequency

BCD Scaling (MMl5 = 1) Binary Scaling (MMl5 = 0)

Ratio
With On-board
5 MHz Clock Ratio

With On-board
5 MHz Clock

F1 osc 5 MHz osc 5 MHz

F2 F 1  +  1 0 500 kHz F1 1 6 312.5kH2

F3 F1 + 100 50 kHz F1 + l$$ 19.53 kHz

F4 F1 * 1000 5 kHz F1 +4096 1.221kH2

F5 F1 + 10.000 500 Hz F1 + 65,536 76.3 Hz
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I
TCI024 Characteristics tvpicar @ 25' C

lnterface
AT bus compatible
Switch-selectable base address, l/O mapped
J umper-selectable interrupts

Digital l/O .... cMos 82c55
(Optional NMOS 8255)

Number of f ines . . . . . . . . . . . . . . . . . . . . . .24
Logic compatibi l i ty. . . . . . . . . . . . .  . . . . . . . . . . . .TTUCMOS

(Configurable with optional l/O pull-up/pull-down resistors)
High-level output vo|tage.. . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . .4.2V, min
Low-level output vol tage . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . .0.45V, max
High-fevel input voltage ..2.2V, min; 5.5V, max
Low-level input voltage .-0.3V, min; 0.8V, max
High-level output current, lsource .................CMOS buffer: -12 mA, max;

TTL buffer: -16 mA, max
Low-level output current, |sink.......... ..........,... CMOS buffer: 24 mA, maxi

Inpur road current 
Tr.:burrer.*.Tfiiltil

Input capacitance,
C( |N)@F=1MHz . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . .10  pF

Output capacitance,
C(OUT)<@F=1MHz . . . . . . .20 PF

Timer/Counter .......... Am9513A
Ten 16-bit timer/counters (2 Am9513A chips)
Binary or BCD up or down counting
Programmable operating modes .'........ '.... '.24
Counter input source External clock (6.9 MHz, max);

on-board 5 MHz clock;
external gate input; or

adjacent counter output
Counter outputs ..... '.".'. '..Available externally;

used as PC interrupts or
internally cascaded to adjacent counter

counter sate source 
;;;;;;;il;*ill,"J,5llli*i

Miscellaneous Inputs/Outputs
+5 volts, +12 volts, digital ground (PC bus-sourced)
External interrupt inPut
Frequency output

Current Requirements
350 mA @ +5 volts

Gonnectors
P3: 50-pin right angle shrouded box header
P4: 20-pin box connector

Environmental
Operating temperature ..................0 to +70"C
Storage temperature ...................-40 to +85'C
Humidity....... ...........0 to 90% non-condensing

Size
3.875"H x 6.370"L (99mm x 162mm)
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P3 Connector:

sRcl
GATEl

ourl
sRc2

GATE2

ouT2
sRcS

GATE3

OUT3

sRc4
GATE4

OUT4

sRc5

GATE5

OUTs

EXTINT

FOUT

PC3

PCI

P87

P85

PB3

PBl

+12 VOLTS

-12 VOLTS

sRc6
GATE6

OUT6

sRcT

GATET

OUTT

sRcS

GATES

OUTs

sRc9
GATEg

OUTg

sRcl0

GATElO

OUT1O

DIGITAL GND

DIGITAL GND

PC2

PC0

PB6

PB4

PB2

PBO

+5 VOLTS

DIGITAL GND

P I N  1
P I N  2

P I N  4 9
P I N  5 0

P3 Mating Connector Part Numbers

Manufacturer Parl Number

AMP 1-746094-0

3M 3425-7650
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PA7

PA6

PA5

PA4

PA3

PA2

PA1

PAO

+12 VOLTS

-12 VOLTS

PC7

Pc6

Pc5

PC4

PC3

PC2

PCI

PC0

+5 volTs
DIGITAL GND

P4 Mating Gonnector Part Numbers

Manufacturer Part Number

AMP 1-746094-4
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AMD Am9513A System Timing Controller
Data Sheet Reprint





Chapter 1
TheAm951 3A/Am9513





INTRODUCTION

Manipulation and coordination of timing parameters and event
sequenoes are universal system attributes. At the most funda-
mental levels of @ntrol, time sequences are intimately embed'
ded in the essential hardware and interface concepts of all pro-
cessors: the necessary flows ol step-by.step procedures are
inherent in the execution of even the mosl basic programs. At the
interface level, both internal and external hardware coordination
usually require several types of timing-oriented exchanges. In
general, control of system and sub-system processes will often
involve sophisticated levels of counting, sequencing and timing
manipulations. The specific mix of such activities will, of course,
be application dependent, yet counting/timing concepts are at
least fundamentally involved in all system operations, from the
simplest sequencing of a hardware inlerface to the complex
interaction of high-level processes.

Time-related activities fall into a wide variety ol categories. Fre-
quency generation, waveform duty cycle conlrol, event counting,
interval measuremenl, precise periodic interrupts, time-of-day
accumulation, delays, gap detection, etc., are just a few of the
types of operations typically undertaken. When the system must
accomplish several of these activities, especially when some
measure of concurrency is necessary, a significant portion of the
avaifable processing andlor hardware logic resources can be
consumed. Throughput limitations easily arise.

A specialized circuit with enough versatility to handle many types
of counting and timing functions would therefore be able to
simplity software, improve system performance and decrease
system chip count. The Am9513 System Timing Controller has
been designed to accomplish just such a task. lt provides signifi-
cant capability for waveform ggneration, @unting, timing and

intervalometer functions lor many types of processor-orientad
systems. lt offers an unusually versatile control structure that
allows the use of many operating configurations so that a wide
variety of applications can be efficiently serviced.

The operating philosophy of the Am9513 is based on the use of
general-purpose @unters that can be controlled in various ways
to produce the functions desired. Broadly, use of the counters
falls into two classic categories: (a)count accumulation, and (b)
frequency division.

In the firsi case, the @unter simply accumulates a @unt of
transitions that occur on its input. An output that indicates the zero
state of the counter would be of only incidental interest. The
@unter value should be available at any time to the associated
CPU or it might be compared with some independent value. The
accumulated count might be modified or the counter input con-
ditioned by various @ntrols, including hardware and software
gating functions; in any event, in these types of applications, it is
the value of the aclual count that is of interest.

In the case of frequency division, on the other hand, it is an output
waveform that is of interest and the counter input information may
b€ incidental. With an output signalthat indicates the zero state ol
the counter, selection of the effective length of the counter and the
input frequency are controlled to provide the desired output fre-
quency. Additional controls may allow various types of output
waveforms to be generated from the base output frequency, but
the actual @unter value will usually not be of direct interest.

The Am9513 has been designed to handle etfectively both modes
of operation, even intermixed on the same chip. In many in-
stanoes, of @urse, both types of counter usage will be combined
to provide the desired function.

souncE r-5
GATE I.5

xt

t2

FOUT

Figure 1-1. General Block Dlagram
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FUNCTIONAL DESCRIPTION

The Am9513 System Timing Controller (STC) is a support device
for processor oriented systems that is designed to enhance the
available capability with respect to counting and timing opera-
tions. lt provides the capability for programmable frequency syn-
thesis, high resolution programmable duty cycle waveforms,
retriggerable digital timing functions, time-of-day clocking, coin-
cidsnce alarms, complex pulse generation, high resolution baud
rate generation, frequency shift keying, stop-watching timing,
event @unt accumulation, waveform analysis and many more. A
variety of programmable oparating modes and controlfeatures
allowthe Am9513to be personalized for particular applications as
well as dynamically reconfigured under program @ntrol.

The STC includes five general-purpose 16-bit counters. A variety
of intemalfrequency souroes and external pins may be selected
as inputs for individual @unters with sottware selactable active-
high or active-low input polari$. Both hardware and software
gating of each counter is available. Three-stats outputs for each
countsr provide either pulses or levels. The counters can be
programmed to count up or down in either binary or BCD. The
accumulated count may be read without disturbing the counting
process. Any of the counters may be internally concatenated to
form an etfective counter length of up to 80 bits.

The Am9513 block diagrams (Figures 1-1,1-Z and 1-3) indicate
the interface signals and the basic flow of information. lnternal
control lines.and the intomaldata bus have been omitted. The
control and data registers are all oonnecled to a common intornal
1&bit bus. The extemal bus may be & or l&bits wide; in the 8-bit
mode the intsrnal 16-bit information is multiplexed to the low order
data bus pins DBO through DB7.

An internal oscillator provides a convenienl source of frequencies
for use as counter inputs. The oscillator's trequency is controlled
at the X1 and )€ interfac€ pins by an extemal reacrtive network
such as a crystal. The oscillator output is divided by the Fre-
quoncy Scaler to provide several sub-frequencies. One of the
scaled frequencies (or one of ten input signals) may be selected
as an input to the FOUT divider and then comes out of the chip at
tho FouT interface pin.

The STC is addressed by the extemal system as two locations: a
Control port and a Data port. The Control port provides direct
a@sss to the Status and Command registers, as well as allowing
the user to updale the Data Pointer register. The Data port is used
to communicate with allother addressable internal locations. The
Data Pointer register controls the Data port addressing.

Among the registers accessible through the Data port are the
Master Mode register and five Counter Mode registers, one for
each counter. The Master Mode register controls the pro-
grammable options that are not controlled by the Counter Mode
registers.

Each ol the live general-purpose counters is 16-bits long and is
independently controlled by its Counter Mode register. Through
this register, a user can sottwars select one of 16 sources as the
counter input, a variety of gating and repetition modes, up or
down counting in binary or BCD and active-high or active-low
input and output polarities.

Associated with each @unter are a Load register and a Hold
register, both accessible through the Data port. The Load register
is used to automatically reload the counter to any predefined
value, thus controlling the effective count period. The Hold regis-
ter is used to save count values without disturbing the count
process, pqrmitting the host processor to read intermediate
@unts. In addition, the Hold register may be used as a second
Load register to generate a number of complex output
waveforms.

All five counters have the same basic control logic and control
registers. Counters 1 and 2 have additional Alarm registers and
comparators associated with them, plus the extra logic necessary
for operating in a 24-hour time-of-day mode. For real-time opera-
tion the lime-of-day logic will accept 50H2, 60Hz or 100H2 input
frequencies.

Each generalcounter has a single dedicated output pin. lt may be
tumed off when the output is not of interest or may be conligured
in a variety of ways to drive intenupt controllers, Darlington buf-
fers, bus drivers, etc. The counter inputs, on the other hand, are
spocifically not dedicated to any given interface line. Consider-
able versatility is avaihbb for configuring both the input and the
gating of individual @unters. This not only permits dynamic re-
assignment of inputs under software @ntrol, but also allows
multiple counters to use a single input, and allows a single gate
pin to control mors than one counter. Indeed, a single pin can be
the gate for one @unter and, at the same time, the count source
for another.

A powerful command structure simplifies user interaction with lhe
@unters. A counter must be armed by one of the ARM com-
mands before counting can oommence. Once armed, the count-
ing process may be further enabled or disabled using the
hardware gating facilities. The ARM and DISARM commands
permit software gating of the count process in some modes.

MOS-ra2

Flgure 1-3. Counter Loglc Groups 3, 4 and 5Flgurc 1-2. Counter Loglc Groups I and 2
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The LOAD @mmand causes the counter to be reloaded with the
value in either the associated Load register or the associated
Hold register. lt will often be used as a software retrigger or as
counter initialization prior to active hardware gating.

The DTSARM command disables furthercounting independent of
any hardware gating. A disarmed counter may be reloaded using
the LOAD command, may be incremented or decremenled using
the STEP command and may be read using the SAVE command'
A count process may be resumed using an ARM command'

The SAVE command transfers the contents of a counter to its
associated Hold register. This commandwillovenrrite any previ-
ous Hold register contents. The SAVE command is designed to
allow an accumulated count to be preserved so that it can be read
by the host CPU at some later time.

Two combinations of the basic commands exist to either LOAD
AND ARM or to DISARM AND SAVE any combination of count-
ers. Additional commands are provided to: step an individual
counler by one count; sot and clear an output 16ggle; issue a
software reset; clear and set special bits in the Master Mode
register; and load the Data Pointer register.

Note: Separate LOAD and ARM commands should be used for
asynchronous operations.

INTERFACE SIGNAL DESCRIPTION

Figure 1-5 summarizes the intedaoe signals and their abbrevia-
tions for the STC. Figure 1 -4 shons the signal pin assignments for
the standard 4O-pin dual in-line paekage.

VCC: +5 volt power supply

VSS: Ground

xl, X2 (Crystaf

X1 and X2 are the connections for an extemal crystal used to
determine the frequency of the internal oscillator. The crystal
should be a parallel-resonant, fundamental'mode type. An FIC or
LC or other reactive network may be used instead of a crystal. For
driving from an external frequency souroe, X1 should bo lett open
and )€ should be connected to a TTL source and a pull'up
resistor.

FOUT (Frequency Out, Outrut)

The FOUT output is derived from a 4-bit counter that may be
programmed to divide its input by any integer value from 1
through 16 inclusive. The input to the counter is selec,ted from any
of 15 sources, including the intemalscaled oscillatorfrequencies.
FOUT may be gatod on and off under softwaro control and when
otf will exhibit a low impedanc€ to ground. Control over the
various FOUT options resides in the Master Mode register. After
power-up, FOUT provides a frequency that is 1/16 that of the
oscillator.

GATE1 -GArES (Gate, Inputs)

The Gate inputs may be used to control the operations of indi'
vidualcounters by determining when counting may proceed' The
same Gate input may control up to three @uniers' Gate pins may
also be selected as @unt sources f6r biry of the counters and for
the FOUT divider. The active polarity for a selected Gate input is
programmed at each counter. Gating lunction options allow
level-sensitive gating or edge-initiated gating. CIher gating
modes are available including one that allows the Gate input to

Figure 1-4. Connoctlon Diagram

Flgure 1-5. lnterface Signal Summary

select between two counter ouiput frequencies. All gating func-
tions may also be disabled. The active Gate input is conditioned
by an auxiliary input when the unit is op€rating with an extemal
8-bit data bus. See Data Bus description. Schmitt'trigger circuitry
on the GATE inputs allorvs slor transition times to be used.

SRG-I -SRCS (Source, InpuF)

The Source inputs provide extemal signals that may be counted
by any of the counters. Any Source line may be routed to any or all
of the countsrs and the FOUT divider. The active polarity for a
setectad SRC input is programmed at each counter. Any duty
cycle waveform willbe accepted as long as the minimum pulse
width is at least half the period of the maximum specified counting
frequency for the part. Schmitt-trigger circuitry on the SRC inputs
allows dow transition times to be used.
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Control/Data
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Data Bus
Frequency Out
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vss
X1,  X2
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DB
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OUT1 -OUTS (Counter, Outputs)

Each 3-state OUT signal is directly associated with a corre-
sponding individual @unter. Depending on the counter config-
uration, the OUT signal may be a pulse, a square wave, or a
complex duty cycle waveform. OUT pulse polarities are individu-
ally programmable. The output circuitry detects the counter state
that would have been allbits zero in the absence of a reinitializa-
tion. That information is used to generate the selected waveform
type. An optional output mode for Counters 1 and2 overrides the
normal output mode and provides a true OUT signal when the
counter contents match the contenls of an Alarm register.

DBGDBT, DB8.DB15 (Data Bus, InpuUOutput)

The 16, bidirectional Data Bus lines are used for information
exchanges with the host processor. HIGH on a Data Bus line
conesponds to one and LOW corresponds to zero. These lines
?g,t as inpuis when WFi and 6are active and as outputs when
RD and CS are active. When OSis inactive, these pins are placed
in a high-impedance state.
After power-up or reset, the data bus will be configured for 8-bil
width and will use only DBO through DB7. DBO is the least sig-
niticant and DB7 is the most significant bit position. The data bus
may be reconfigured for 16-bit width by changing a control bit in
the Master Mode register. This is accomplished by writing an 8-bit
command into the low-order DB lines while hotding the DB13-
DB15 lines at a logic high level. Thereafter atl 16 lines can be
used, with DBO as the least significant and DB15 as the most
signifi cant bit position.

When operating in the 8-bit data bus environment, DB8-D815 will
never be driven active by the Am9513. DB8 through DB12 may
optionally be used as additionalGate inputs (see Figure 1-6). lf
unused they should be held high. When pulled low, a GATENA
signal will disable the action of the corresponding counter N
gating. DB13-D815 should be held high in 8-bit bus mode
whenever CS and WR are simultaneously active.

6lCtrip Select, Input)

The active-low Chip Select input enables Read and Write opera-
tions on the data bus. When Chip Select is high, the Read and
Write inputs are ignored. The first Chip Select signal after
power-up is used to clear the power-on reset circuitry. lf Chip
Select is tied to ground permanently, the power-on reset circuitry
may not function. In such a configuration, the software rsset
command must be issued following power-up to reset the
Am9513.

FE (Read, Input)

The active-low Read signal is conditioned by Chip Select and
indicates that intemalinformation is to be transfened to the data
bus. The source will be determined by the port being addressed
and, for Data Port reads, by the contents of the Data Pointer
register. WF-and F-D should be mutually exclusive.

TFF lwrtte, tnput)
The active-low Write signal is conditioned by Chip Select and
indicates that data bus information is to be transferred to an
internal location. The destination will be determined by the port
being addressed and, for Data Port writes, by the contents of the
Data Pointer register.WFiandHD should be mutually exclusive.

CID lGontrol/Data, Input)

The Control/Data signalselects source and destination locations
for read and write operations on the data bus. Control Write
operations load the command register and the Data Pointer.
Control Read operations output the Status register. Data Read

Package
Pan

Data Bus Wldth (MM14)

16 Bits 8 Blts

1 2
1 3
1 4
1 5
1 6
1 7
1 8
1 9
20
22
23
24
25
26
27
28

DBO
DB1
DBz
D83
D84
D85
DB6
DB7
DB8
D89
DBlO
D B 1 1
DB12
DB13
DB14
DB15

DBO
DB1
DB.2
D83
D84
D85
D86
DB7
GATE 1A
GATE 2A
GATE 3A
GATE 4A
GATE 5A
(vrH)
(vrH)
(vrH)

Figure 1.6. Data Bus Assignments

and Data Write transfers communicate with all othar internal
registers. Indirect addressing at the data port ib controlled inter-
nally by the Data Pointer register.

Interface Conslderatlons

All of the input and output signats for the Am9513 are specified
with logic levels compatible with thosa of standard fiL circuits.
See the Am9513 data sheet for specifications. In addition to
providing TTL compatible voltage levels, other output conditions
are specified to help configure non-standard interface circuitry.
The logic level specifications take into account all worst-case
combinations of the three variables that affect the logic level
thresholds: ambient temperature, supply voltage and processing
parameters. A change in any of these toward nominal values will
improve the actual operating margins and will increase noise
immunity.

Unprotected open gate inputs of high quality MOS transistors
exhibit very high resistances on the order of perhaps 1Ota ohms. lt
.is easy, therefore, in some circumstances, forcharge to enterths
gale node of such an input faster than it can be discharged and
consequently tor the gate voltage to rise high enough to break
down the oxides and destroy the transister. All inputs to the
Am9513 include protection networks to help prevent damaging
accumulations of static charge. The protec{ion circuitry is de-
signed to dow the transistions of incoming current surges and to
provide low impedance discharge paths for voltages beyond the
normal operating levels. Note, howevor, that input energy levels
can nonetheless be too high to be successfully absorbed. Con-
ventional design, storage, and handling precautions should be
observed so that the protection networks themselves ar€ not
overstressed.

Within the limits of normaloperation, the input protection circuitry
is inactive and may be modded as a lumped series RC as shown
in Figure 1-7a. The functionality ac{ive input connection during
normal operation is the gate of an MOS transistor. No active
souross or drains are connected to the inputs so that neithgr
transient nor steady-state currents are impressed on the driving
signals other than the charging or discharging of the input
capacitance and the accumulated leakage associated with ths
protection network and the input circuit.
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Flgure 1-7. Input Circuitry

The only exception to the purely capacitive input case is the X2
crystal input. As shown in Figure 1-7b, an internal resistor con'
nocts X1 and X2 in addition to the protection network' The resistor
is a modestly high value of more than 100kohms.

Fanout from he driving circuitry into the Am9513 inputs will gen'
erally be limited by transition time considerations rather than DC
curent limitations when the loading is dominated by conven'
tional MOS circuits. ln an operating environment, all inputs
should be terminated so they do not float and therefore will not
accumulate stray static charges. Unused inputs should be tied
directly to Ground or VCC, as appropriate. An input in use will
have some tlpe of logic ouput driving it and termination during
operation will not be a problem. Where inputs are driven from
logic extemal to the card contiaining this chip, however, on-board
termination should be provided to protect the chip when the
board is unplugged and the input would therefore oheruise float'
A pull-up resistor or a simple inverter or gate will suffice.

Power Supply

The Am9513 requires only a single 5V power supply. Maximum
supply currents are specified in the electrical specification at the
high end of the voltage tolerance and the low end of the tempera'
ture range. In addition, the current specifications take into ac'
count the worstcase distribution of processing parameters that
may be encountered during the manulacturing life of the product.
Typical supply cunent values, on the other hand, are specitied at
a nominal +5.0 volts, a nominal ambient temperature of 25oC,
and nominal processing parameters. Supply cunent always de-
creases with increasing ambient temperature: thsrmal run'away
is not a problem.

Supply current will vary somewhat from part to part, but a given
unitat a given operating tomperature willexhibita nearlyconstant
power drain. There is no functional operating region that will
cause more than a few percent ctange in the supply cunent.
Decoupling of VCC, then, is straightfonrard and will generally be
used to isolatetheAmg5l3 from VCC noise originating externally.

CONTROL PORT REGISTERS

The STC is addressed by the external system as only two loca-
tions: a Control port and a Data port. Transfers at the Control port
(C/D = High) allow direct accsss to the command rogister when
writing and the status registsr when reading' All other available
internal locations are accessed for both reading and writing via
the Data port (C/D = Low). Data port transfers are executed to
and from the location currently addressed by the Data Pointer
register. Options available in the Master Mode register and the
Daia Pointer control structure allonr several types ol transfer
sequencing to be used. See Figure 1'8.

Transfers to and from the Control port are always 8'bits wide.
Each access to the Control port will transfsr data betwesn the
Command register (writes) or Status register (reads) and Data
Bus pins DB0-D87, regardless ol whether the Am9513 is in 8- or
16-bit bus mode. When the Am9513 is in 8-bit bus mode, Datq
Bus pins DB13-D815 should be held at a logic high whenever CS
and WR are both active.

Command Register

The Command register provides direct control over each of the
five general counters and controls aocess through the Data port
by allowing the user to update the Data Pointer register. The
"Command Description" section of this data sheel explains the
detailed operation of each command. A summary ol all com-
mands appears in Figure 1-21. Six of the command types are
used for direct sottware control of the counting process. Each of
these six commands contains a S-bit S field. In a linear'seloct
fashion, each bit in the S field corresponds to one ol the five
generalcounters (S1 = Counter 1, 32 : Counter 2, etc'). When
an S bit is a one, the specified operation is performed on the
counter so designated; when an S bit is a zero, no operation
o@urs for the corresponding oounter.

Data Polnter Register

The 6-bit Data Pointer register is loaded by issuing the appro-
priate command through the Control port to the Command regis-
ter. As shown in Figure 1-8, the @ntents of the Data Pointer
register are used to controlthe Data port multiplexer, selecting
which internal register is to be accessible through the Data port.

The Data Pointer consists of a 3-bit Group Pointer, a 2-bit El+
ment Pointer and a l-bit Byte Pointer, depicted in Figure 1'9. The
Byte Pointer bit indicates which byte of a l&bit register is to be
transferred on the next a@ess through the Data port. Whsnever
the Data Pointer is loaded, the Byte Pointer bit is set to ons,
indicating a least-significant byte is expectod. The Byte Pointer
toggles following each 8-bit data transfer with an 8-bit data bus
(MM13 = 0), or it always remains set with the 16'bit data bus
option (MM13 : 1). The Element and Group pointers are used to
select which internal register is to be accessible through the Data
port. Although the contents of the Element and Group Pointer in
the Data Pointer register cannot be read by the host processor,
the Byte Pointer is available as a bit in the Status register.

Random access to any available intarnal data location can be
accomplished by simply loading the Data Pointer using the com-
mand shown in Figure 1-10 and then initiating a data read or data
write. This procedure can be used at any time, regardless of the
setting of the Data Pointer Control bit (MM14). When the 8'bit data
bus configuration is being used (MM13 = 0), two bytes of data
would normally be transferred following the issuing of the "Load
Data Pointer" command.

To permitthe host processor to rapidly access the various intemal
rogistsrs, automatic sequencing of tho Data Pointor is provided.
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Flgure 1-8. Am9513 Register Access

Flgure 1-9. Data Polnter Reglster

1_6

Gommand
Register

Data Poinler
Register

Element Pointer

00 = Mode Register I
01 = Load Register I Element Cycle lncrement
10 = Hold Regisler ,
11 : Hold Register (Hold Cycle lncrement)

00 = Alarm Register 1 |
01 : Alarm Register 2 [ ControlOycle Increment
10 = Master Mode Reg. I
11 : Status Register (No lncrement)

1 = Least Significant Byte Transferred Next
0 = Most Significant Byte Transferred Next

Group Polnter
000: ll legal
001 : Counter Group 1
010 = Counter Group 2
011 = Counter Group 3
100 : Counter Group 4
101 : Counter Group 5
110 = l l legal
111 : Control Group
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Eloment Cycls Hold Cycle

ilode
Reglsbr

Load
Roglster

Hold
Regbtor

Hold
Reglsler

Counter 1
Counler 2
Counter3
Counter4
Counter 5

FFOl
FF02
FFOS
FFO4
FFOs

FFOg
FFOA
FFOB
FFOC
FFOD

FF.I1
FF12
FFl3
FFl4
FFl5

FF19
FFlA
FFlB
FFlC
FFlD

Master Mode Hegister = FF17
AlarmlRegister=FF07
Alarm2 Registsr = FFoF
Status Register = FFlF

1 .
2.

All codes are in hex.
When used with an 8-bit bus, only the two low order hex
digits should be written lo the command port; the'FF'pre-
fix should be used only for a l&bit data bus interface.

Figure 1-10. Load Data Polnter Commands

Sequencing is enabled by clearing Master Mode bit 14 (MM14) to
zero. As shown in Figure 1-11, several types of sequencing are
available depending on the data bus width being used and the
initial Data Pointer value entered by command.

When E1 = O or E2 = 0 and G4, G2, G1 point to a Counter Group,
the Data Pointer will proceed through the Element cycle. The
Element field will automatically sequence through the three val-
ues 00, 01 and 10 starting with the value entered. When the
transition from 10 to 00 occurs, the Group field will also be
incremented by one. Note that the Element field in this case does
not sequence to a value of 11. The Group field circulates only
within the five Counter Group codes.

lf E2, E1 : 11 and a Counter Group is selected, then only the
Group field is sequenced. This is the Hold cycle. lt allows the Hold
registers to be sequentially accessed while bypassing the Mode
and Load registers. The third type of sequencing is the Control
cycfe. ff G4, G2, G1 = 111 andE2,E1 + 11, the Element Pointer
will be incremented through the values 00, 01 and 10, with no
change to the Group Pointer.

When G4, G2, G1 = 111 and E2,E1 = 11, no incrementing takes
place and only the Status register will be available through the
Data port. Note that the Status register can also always be read
directly through the Control port.

For all ol these auto-sequenos modes, if an 8-bit data bus is used,
the Byte pointer willtoggle after every data transfor to allow the
least and most significant bytes to be transferred before the
Element or Group Fields are incremented.

Prefetch Glrcult

In order to minimize the rsad access time to intemal Am9513
registers, a prefetch circuil is used for all read operations through
the Data port. Following each read or write operation through the
Data port, the Data Pointer register is updated to point to the next
register to be accessed. lmmediately tollowing this update, the
new register data is transfened to a special prefetch latch at the
interface pad logic. When the user performs a subsequent read of
the Data port, the data bus drivers are enabled, outputting the
prefetched data on the bus. Since the internal data register is
accessed prior to the start of the read operation, its a@ess time is
transparsnt to the user. In ordEr to keep the prefetched data
consistant with the Data Pointer, prefetches are also performed

after each write to the Data port and after execJtion of the "Load
Data Pointsr" command. The follouring rules should be kept in
mind regarding Data port Transfgrs.

1. The Data Pointer register should always be reloaded before
reading from the Data port if a command other than "Load
Data Pointer" was issued to the Am9513 following the last
Data port read or write. The Data Pointer does not have to be
loaded again if the first Data port transaction after a command
entry is a write, sinco the Data port write will automatically
cause a new prefetch to o@ur.

2. Operating modes N, O, Q, R and X allow the user to save the
counter contents in lhe Hold registor by'applying an active-
going gate edge.'lf the Data Pointer register had been pointing
to the Hold register in question, the prefetched value will not
oorrespond to ths new value saved in the Hold register. To
avoid reading an incorrect value, a new "Load Data Pointe/'
command should be issued before attempting to read the
saved data. A Data port write (to another register) will also
initiate a prefetch; subsequent reads will aocess the recently
gaved Hold register data. Many systems will use the "saving"
gate edge to intsnupt the host CPU. In systems such as this
the interrupt service routine should issue a "Load Data
Pointer'' command prior to reading the saved data.
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Status Reglstor

The 8-bit read-only Status regisler indicates the state of the Byte
Pointer bit in the Data Pointer register and the state of the OUT
signal for each of the general counters. See Figures 1-'12 and
1-19. The OUTsignals reported are those intemaltothe chip after
the polarity-select logic and just before the 3-state interlace bufier
circuitry. Bits SR6 and SR7 may be 0 or 1.

The Status ragister OUT bit reflecis an active-high or active-low
TC output, or a TC Toggled output, as programmed in the Output
Control Field of the Counter Mode register. That is, it reflects the
exact state of the OUT pin. When the Low lmpedance to Ground
Outpul-option (CM2-CM0 = 000) is selecled, the Status register
willreflect an active-high TC Output. When a High lmpedance
Output option (CM2-CM0 = 100) is selected, the Status register
will retlect an active-lonr TC ouput.

For Counters 1 and2, the OUT pin will reflect the comparator
output if ths comparators are enabled. The Status register bit and
OUT pin are active high if GM2 = 0 and active-low if CM2 = 1.
When the High lmpedanc€ option is selected and the comparator
is snabled, the status register bit will reflect an active-high com-
parator output. When the Low lmpedance to Ground option is
selected andthe comparator.is enabled, the status registerbit will
reflect an active-low @mparator output.
The Status register is normally accessed by reading the Control
port (see Figure 1-8) but may also be read viathe Data port as part
of the Control Group.

DATA PORT REGISTERS

Counter Loglc Groups

As shown in Figures 1-2 and 1-3, each of the five Counter Logic
Groups consists of a l&bit general counter with associated con-
troland output logic, a 16-bit Load register, a 1&bit Hold register
and a 16-bit Mode register. In addition, Counter Groups 1 and 2
also include 16-bit Comparators and 16-bit Alarm registers. The
comparator/alarm functions are controlled by the Master Mode
register. The operation of the CountEr Mode registers is the same
for allfivecounters. The host CPU has both read andwrite aocess
to all rsgistors in the Counter Logic Groups through the Data port.
The counter itself is never directly accessed.

Load Reglster

The l&bit read/write Load register is used to controlthe etfective
lenglh of the general counter. Any 16-bit value may be written into
the load register. That value can then be transferred into the
counter each tims the Terminal Count (TC) occurs. "Tsrminal
Count" is defined as that period ot time whsn the counter contents

would have been zero if an external value had not been trans-
ferred into the counter. Thus, the,terminal count frequency can be
the input frequency divided by the value in the Load register. In all
operating modes either the Load or Hold register will be transfer-
red into the counter when TC occurs. In cases where values are
being accumulated in the counter, the Load register action can
become transparent by lilling the Load register with all zeros.

Hold Reglster

The 16-bit read/write Hold register is dual-purpose. lt can be used
in the same way as the Load register, thus ofiering an alternate
source for module definition for the counter. The Hold register
may also be used to store accumulated counter values for later
transfer to the host processor. This allowsthe count to be sam-
pled while the counting process proceeds without interruption.
Transfer of the counter contents into the Hold register is ac-
complished by the hardware interface in some operating modes
or by soltware commands at any time.

Counter Mode Register

The 16-bit read/write Counter Mode register controls the gating,
counting, output and source select functions within each Counter
Logic Group. The "Counter Mode Control Options" section of this
document describes the detailed control options available, Figure
1-18 shows the bit assignments tor the Counter Mode registers.

Alarm Reglsters and Comparators

Added functions are available in the Counter Logic Groups for
Counters 1 and2 (see Figure 1-2). Each contains a 16-bit Atarm
register and a 16-bit Comparator. When the value in the counter
reaches the value in the Alarm register, the Comparator output
will go true. The Master Mode register contains control bits to
individually enable/disable the comparators. When enabled, the
@mparator output appears on the OUT pin of the associated
@unter in place of the normal @unter output. The output will
remain true as long as the comparison is true, that is, until the next
input causes the countto change. The polarity of the Comparator
output will be active-high if the Output Controt field of the Counter
Mode registsr is 001 or 010 and aclive-low if the Output Control
field is 101.

MASTER MODE CONTROT OPTIONS
The 16-bit Master Mode (MM) register is used to controt those
internalactivities that are not controlled by the individual Counter
Mode registers. This includes frequency @ntrol, Time-of-Day
operation, comparator @ntrols, data bus width and data pointer
sequencing. Figure 1-13 shows the bit assignments for the Mas-
ter Mode register. This section describes the use of each control
field.

Master Mode register bits MMl2, MMl3 and MM14 can be indi-
vidually set and reset using @mmands issued to the Command
register. ln addition thsy can all be changed by writing direcfly to
the Master Mode register.

After power-on reset or a Master Rgset commanp, the Master
Mode register is cleared to an all zero condition. This results in the
following configuration:

Time-of-Day disabled
Both Comparators disabled
FOUT Source is frequency Fl
FOUT Divider set for divide-by-16
FOUT gated on
Data Bus 8 bits wide
Data Pointer Sequencing enabled
Frequency Scaler divides in binary

sR7 sR6 SR5 SR4 SR3 SR2 sRl SRO

-- | ouT4 I ouT2 | eYfe
oOR l  I  I  I  pon l

OUTs OUTs OUT 1
POINTER

MOS-587

Flgure 1.12. Status Reglster Blt A$lgnments
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FOUT Dlvlder

0000 = Divide by 16
0001 = Divide by 1
0010 = Divide by 2
0011 = Divide by 3
0100 = Divide by 4
0'101 = Divide by 5
01 10 = Divide by 6
0111 = Divide by 7
1000 = Divide by 8
1001 = Divide by 9
1010 = Divide by l0
1011 = Div ide by 11
1100 = Divide by 12
1101 = Divide by 13
1110 = Div ide by 14
1111 = Div ide by 15

FOUT Source

@00 = Fl
0001 = SRC 1
0010 = SRC 2
0011 :  SRC 3
0100 = SRC 4
0101 = SRC 5
0110 = GATE 1
0'111 = GATE 2
1000 = GATE 3
1001 = GATE 4
1010 = GATE 5
1 0 1 1  :  F 1
1100 = F2
1101  =  F3
1 1 1 0  =  F 4
1 1 1 1  =  F 5

L-FOUT Gate
0 = FOUT On
1 : FOUT Ofl (Low Z to GND)

Data Bus WIdth
0 = 8-Bit Bus
1 =16-Bit Bus

Data Polnttr Control
0 = Enable Increment
1 = Disable Increment

Scalcr Control
0 = Binary Division
1 = BCD Division

Compare 2 Enable
0 = Disabled
1 = Enabled

Compare 1 Enable
0 = Disabled
1 = Enabled

Tlme-of-Day ilode
00 = TOD Disabled
01 : TOD Enabled; + 5 Input
10 = TOD Enabled; + 6 lnput
11 = TOD Enabled; + 10 lnput

__J
MMl5 MM14MMl3 MMl2 M M 1 1MMlO MM9 MM8 MM7 MM6 MM5 MM4 MM3 MM2 MM1 MMO

Flgure 1-13. Master Mode Reglster Blt Asslgnments

Tlme-of-Day

Bits MMO and MM1 of the Master Mode register specify the
Timeof'Day CIOD) options' When MMO = 0 and MM1 = 0, the
special logic used to implement TOD is disabled and Counters 1
and 2 willoperate in exacllythe sameway as Counters 3,4 and 5.
When MMO = 1 or MMl = 1, additional @unter decoding and
control logic is €nabled on Counters 1 and 2 which causes their
decades to tum o\rer at the counts that generate appropraate
Z4-hour TOD accumulations. For additional information' see the
Time-of-Day chapter in this applications note.

ComParalor Enable

Bits MM2 and MMg control the Comparators associated with
Counter 1 and 2. When a Comparator is enabled, its output is
substituted forthe normal@unter outputon the assocaated OUT1
or OUT2 pin. The oomparator output will be active-high if the
output oontrolfield of the Countor Mode register is 001 or 010 and
active lowfor a code of 101 ' Once the compare output is true' it will
remain so untilthe count changes and the comparison theretore
goes falso.

The two Gomparators can always be used individually in any
operating mode. One specialcase (rccurs when the Time'of'Day
option is invoked and both Comparators are enabled. The opera'
tion of Comparator 2 willthen be conditioned by Comparator 1 so
that a lult 32-bit compare must be true in order to gonerate a true
signalon OUT2. OUT1 willcontinue, as usual, to reflectthe state
ot the 16-bit comparison between Alarm 1 and Countsr 1.

FOUT Source

Master Mode bits MM4 through MM7 specify the source input for
the FOUT divider. Fifteen inputs are available for selection and
they include the fivs Source pins, the five Gate pins and the five
internalfrequencies derived from the oscillator. The 16th combi-
nation of the four control bits (all zeros) is used to assure that an
active frequency is available at the input to the FOUT divider
following reset.

FOUT Dlvider

Bits MMg through MMl1 specify the dividing ratio for the FOUT
Divider. The FOUT source (selec{ed by bits MM4 through MM7) is
divided by an integer value botrr,een 1 and 16, inclusive, and is
then passed to the FOUT output buffor. After power-on or reset,
the FOUT divider is set to divide-by-l6.

FOUT Gate

Master Mode bit MM12 provides a software gating capability for
the FOUT signal. When MM12 = 1, FOUT is off and in a low
impedance state to ground. MM12 may be set or cleared in
conjunction with the loading of the other bits in the Master Mode
register; altematively, thers are commands that allow MM12 to be
inJividually set or cleared direa[ widrout changing any other
Master Mode bits. After ponrer-up or,reset, FOUT is gated on.

When changing the FOUT divider ratio or FOUT source, transienl
pulses as short as half the period of the FOUT source may appear

1-9



on ths FOUT pin. Tuming the FOUT gate on or ofi can also
gengrate a transient. This should be considered when using
FOUT as a system clock source.

Bus Wldth

Bit MM13 controls the muttiplexer at the data bus interface in
order to configure the part for an 8-bit or lSbit extemal bus. The
intemal bus is always l&bits wide. When MM13 = 1, 1&bit data
is transfened directly between the intemal bus and all 16 of the
extemal bus lines. In this configuration, the Byte Pointer bit in the
Data Pointer register remains set at all times. When MM13 : 0,
l$bit intemal data is transferred a byte at a time to and from the
eight low-order extemal data bus lines. The Byte Pointer bit tog-
gles with each byte transfer in this mode.

When the Am9513 is set to operate with an 8-bit data bus width,
pins DB8 through DB15 are not used for the data bus and are
available for other functions. Pins DB13 through DB15 should be
tied high. Pins DB8 through DB12 are used as auxiliary gating
inputs, and are labeled GATE1A through GATESA respectively.
The auxiliary gate pin, GATENA, is logicalty ANDed with the gate
input to Counter N, as shown in Figure 1-14. The output of the
AND gate is thgn used as the gating signalfor Counter N.

Data Polnter Sequenclng

Bit MM14 controls the Data Pointer logic to enabla or disable the
automatic sequencing functions. When MM14 = 1, the contents
ot the Data Pointer can be changod only direcily by entering a
command. When MM14 = 0, several types of automatic
sequencing of the Data Pointer are available. These are de-
scribed in the Data Pointer register section of this document.

EtTl

Flgure 1-14. Gating Control

Thus the host processor, by controlling MM14, may repetitively
read/write a single internal location, or may sequentially read/
write groups of locations. Bit MM14 can be loaded by writing to the
Master Mode register or can be set or clsared by software
command.

Scaler Ratlos

Master Mode bit MM15 controls the counting configuration of the
Frequency Scaler counter. When MM15 = 0, tho Scaler divides
the oscillator frequency in binary steps so that each sub-
frequency is 1/16 of the preceding frequency. When MM15 : 1,
the Scaler divides in BCD steps so that adjacent frequencies are
relaled by ratios of 10 instead of 16 (see Figure 1-15).

FI

F:I

F3

FI

Frequency

F1
F2
F3
F4
F5

BCD
Scallng

llll15 = 1

osc
F l + 1 0
F1 + 100
Fl + 1,966
Fl + 19,ggq

Blnary
Scallng

tll15 = 0

osc
F 1 + 1 6
F1 + 256
Fl + 4,(X)6
Fl + 65,536

l[t&rto

FREOUE}ICY SCALER

Figure 1-15. Frequency Scaler Railos
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Counter Mode A B c D E F G H J K L

SpecialGate (CM7) 0 0 0 0 0 0 0 0 0 0 0 0

Reload Source (CM6) 0 0 0 0 0 0 1 I 1 1 1

Repetition (CMS) 0 0 0 1 1 1 0 0 0 1 1 1

Gate Control (cM15-cM13) 000 LEVEL EDGE 000 LEVEL EDGE 000 LEVEL EDGE 000 LEVEL EDGE

Count to TC once, then disarm X X X

Count to TC twice, then disarm X x x

Count to TC rop€alsdly without disarming x X X x x X

Gate input does not gate count€r input x x x X

Count only during active gate lsvel x X x X

Start count on activs gate edge and stoP @unt
on next TC

x x

Start count on active gate edge and stop count
on sgcond TC

x x

No hardware retriggering x x x x X X X x X x x X

Reload counterfrom Load Registcron TC x x x x X X

Reload counter on each TC, altemating reload
source between Load and Hold Registers

X x X X x x

Transler toad Register into counter on each
TC that gate is LOW, transfer Hold Register
into count€r on each TC that gate is HIGH.

On active gate edge transl€r counter into Hold
Registsr and then reload counter from
Load Register

Counter Mod6 M N o P o R s T U V w x
SpecialGate (CMD 1 1 1 1 1 1 1 1 1 1 1 1

Reload Source (CM6) 0 0 0 0 0 0 1 t 1 1 1 1

RepEtition (CM5) 0 0 0 I 1 1 0 0 0 1 1 1

Gare Control (cM1 5-cM13) 000 LEvEL EDGE 000 LEVEL EDGE 000 LEVEL EDGE 000 LEVEL EDGE

Count to TC once, then disarm x x
Counl to TC twice, lhen disarm x
Count to TC repeatedly wilhout disarming x x x x
Gate input does not gat€ counter input x X

Count only during active gale level x X

Stari count on active gate edge and slop count
on next TC

x x x

Start count on active gate edge and stop @unt
on second TC

No hardware rotriggedng x x x
Reload counter from Load Register on TC x x x x x
Roload counter on each TC, altemating reload
sourcs b€tween Load and Hold Registers.

Transfer Load Register into @untsr on eacfl
TC that gate is LOW, transler Hotd Register
into counter on eact TC thal gale is HIGH.

x x

On active gate edge transfer @unt€r into Hold
Register and hen reload counler lrom
Load Begister

x x x x

On ac'tive gate edge transfEr counter into
Hold Register, but counting @ntinues

x

Notes:
1. Counter rnodes M, P, T, U and W are raserved and should not b€ us€d.
2. Mode X is available for Am9513A only.

Flgure 1.16. Counter Mode Operatlng Summary
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COUNTER MODE DESCRIPTIONS

Counter Mode register bits CM15-CM13 and CM7-CMS select
the operating mode for each counter (see Figure 1-16). To
simplify references to a particular mode, each mode is assigned a
letter from A through X. Representative waveforms for the
@unter modes are illustratsd in Figures 1-17a through 1-17v.
(Because the letter suffix in the figure number is keyed to the
mode, Figures 1-17m, 'l-17p, 1-17t, 1-17u and 1-17w do not
exist.) The figures assume down counting on rising source edges.
Those modes which automatically disarm the counter (CMs : O)
are shown with the WF'pulse entering the required ARM com-
mand;for modes which count repetitivety (CMS = 1) ths ARM
command is omitted. The retriggering modes (N, O, e and R) are
shown with one retrigger operation. Both a TC ouput waveform
and a TC Toggled ouput waveform are shown for each mode.
The symbols L and H are used to represent count values equal to
the Load and Hold register contents, respectively. The symbols K
and N represent arbitrary count values. For each mode, the
required bit pattern in the Counter Mode register is shown; ,,don't
care" bits are marked "X." These figures are designed to clarify
the mode descliptions; the Am9513 Electrical Specification
should be used as the authoritative reference for timing relation-
ships between signals. Appendix B provides a key to the
waveform symbols used in these diagrams.
To keep the following mode descriptions concise and to the point,
the phrase "source edges" is used to referto active-going source
edges only, not to inactive-going edges. Similarly, the'phrase
"gate edges" refers only to active-going gate odges. Also, again
to avoid verbosity and euphuism, the descriptions of some modes
state that a counter is stopped or disarmed "on a TC, inhibiting
further counting." As is fully explained in the TC section of this
document, for these modes the counter is actually stopped or
disarmedfollowing the aclive-going source edgewhich drives the
counter out of TC. In other words, since a @unter in the TC stato
always counts, irrespective of its gating or arming status, the
stopping or disarming of the count sequence is delayed until TC
is terminated.

MODE A
Software-Trlggered Strobe wlth No Hardwarc Ga$ng

cM7 cM6 cM5 cM4 cM3 cuz cMl cM0
0 0 0 X X X X X

Mode A, shown in Figure 1-17a, is one of the simplest operating
modes. The counter will be available for counting source edges
when it is issued an ARM command. On each TC the counter will
reload from the Load register and automatically disarm itself,
inhibiting further counting. Counting will resume when a new
ARM command is issued.

MODE B
Software-Trlggered Strobe wlth Level Gailng

cMl5 cM14 cMl3 cM12 cM11 cM10 cM9 cM8
LEVEL x X X X X

cM7 cM6 cMs cM4 cM3 cM2 cM1 cM0
0 0 0 X X X X X

Mode B, shown in Figure 1-17b, is identicalto Mode A exceptthat
source edges are counted only when the assigned Gate is active.
The counter must be armed before counting can occur. Once
armod, the counter will count all source edges which occur while
the Gate is active and disregard those edges which occur while
the Gate is inactive. This permits the Gats to tum the count
process on and off. On each TC the counter will reload from the
Load register and automatically disarm itself, inhibiting further
counting until a new ARM command is issued.

cM15 cMl4 cM13 cM12 cM11 cM10 cM9 cM8
0 0 0 X X X X X

*u"".ffiM

TC
OUTPUT

TC TOGGLED
OUTruT

MOS€88

Flgure 1-17a. ilode A Waveforms
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Figure 1-17b. Mode B Waveforms

MODE C
Hardware-Trl g gered Strobe

cM7 cM6 cM5 cM4 cM3 cM2 cMl cM0

0 0 0 X X X X X

Mode C, shown in Figure 1-17c, is identicalto Mode A, exceptthat
counting will not begin unlil a Gate edge is applied to the armed

counter. The countsr must be armed before application of the
triggering Gate edge; Gate edges applied to a disarmed @untsr
are disregarded. The counter will start counting on the first source
edge after the triggering Gate edge and will continue counting
until TC. At TC, thg counter will reload from ths Load register and
automatically disarm itself. Counting will then remain inhibited
until a new ARM command and a new Gate edge are applied in
that order. Note that after application of a triggering Gate edge,
the Gate input willbe disregarded for the remaindsr of the count
cycle. This ditlers from Mode B, where the Gate can be mod-
ulated throughout the count cycle to stop and start the counter.

cMls cM14 cMl3 cMl2 cM11 cMl0 cM9 cM8

EDGE X X X X X

souRcE

ARII
coililANo

TC OUTPUT

TC TOGGLED
OUTPUT

MOS€90

Flgure 1-17c. Mode C Waveforms
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cMl5 cM14 cMl3 cM12 cMl1 cMl0 cM9 cM8
0 0 0 X X X X X

MODE D
Rate Generator wlth No Hardware Gatlng

cM7 cM6 cMs cM4 cM3 cM2 cM1 cM0
0 0 1 X X X X X

MODE E
Rate Generator wlth Level Gatlng

cM7 cM6 cM5 cM4 cM3 cM2 cM1 cM0
0 0 1 X X X X X

Mode D, shown in Figure 1-17d, is typically used in lrequency ModeE,showninFigurel-lTe,isidenticaltoModeD,exceptthe
generation applications. In lhis mode, the Gate input doas not counter will only count those source edges which occur while the
atfect counter operation. Once armed, ths counter will count to Gate input is active. This feature allows the counting process to
TC repetitively. On each TC the counter will reload itself from the be enabled and disabled under hardware control. A square wave
Load register; hence the Load register value delermines the time rate generator may be obtained by specifying the TC Toggled
between TCs. A square wave rate generator may be obtained by output mode.
specifying the TC Toggled output mode in the Counter Mode
register.

Flgure 1-17e. llode E Waveforms

1-14

cM15 cM14 cM13 cM12 cM11 cM10 cM9 cM8
LEVEL X X X X X

i?til:

TC OUTPUT

TC TOGGLEO
OUTPUT

A

MOS-591

Figure 1-17d. Mode D Waveforms
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cM15 cM14 cM13 cM12 cM11 cM10 cM9 cM8

EDGE X X X X X

MODE F
Non-Retrlggerable One-Shot

cM7 cM6 cM5 cM4 cM3 cM2 cM1 cM0

0 0 1 X X X X X

Mode F, shown in Figure 1-17f, provides a non-retriggerable
one-shot timing function. The counter must be armed before it will
function. Application of a Gate edge to the armed counter will
enable counting. When the counter reaches TC, it will reload itself
from the Load register. The counter will then stop counting'
awaiting a new Gate edge. Note that unlike Mode C, a new ARM
command is not needed after TC, only a new Gate edge' After
application of a triggering Gate edge, the Gate input is disre'
garded untilTC.

MODE G
Software-Triggered Delayed Pulse OneShot

cM7 cM6 cMs cM4 cM3 cM2 cM1 cM0

0 1 0 X X X X X

ln Mode G, the Gate does not aflect the counter's operation. Once
armed, the counter will count to TC twice and then automatically
disarm itself. For most applications, the counter will initially be
loaded from the Load register either by a LOAD command or by
the last TC of an earlier timing cycle. Upon counting to lhe first TC,
the counter will reload itself from the Hold register. Counting will
proceed until the second TC, when the counter will reload itself
from the Load register and automatically disarm itself, inhibiting
turther counting. Counting can be resumed by issuing a new ARM
command. A software-triggered delayed pulse one-shot may be
generated by specifying the TC Toggled output mode in the
Counter Mode register. The initial counter @ntents control the
delay from the ARM command until the output pulse starts. The
Hold register contents control the pulse duration. Mode G is
shown in Figure 1-179.

souRcENV\

TC
OUTPUT

TC TOGGLED
OUTPUT

MOS-593

Figure 1-17f. Mode F Waveforms

cM15 cM14 cM13 cM12 cM11 cM10 cM9 cM8

0 0 0 X X X X X

souBcEJAJAJ^

COUNT
VALUE

TC
OUTPUT /l -a

TC TOGGLED
OUTPUT

MOS€94

Figure 1-179. Mode G Waveforms
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cM15 cM14 cM13 cM12 cM11 cM10 cM9 cM8
LEVEL x X X X X

MODE H
Software-Trlggered llelayed Pulse One-Shot wlth
Hardware Gatlng

cM7 cM6 cM5 cM4 cM3 cM2 cMl cM0
0 1 0 X X X X X

Mode H, shown in Figure 1-17h, is identicalto Mode G exceptthat
the Gate input is used to qualify which source edges are to be
counted. The counter must be armed for counting to occur. Once
armed, the c,ounter will count all source edges that occur while the
Gate is active and disregard those source edges that occurwhile
the Gate is inactive. This permits the Gate to turn the count
process on and off. As with Mode G, the counter will be reloaded
from the Hold register on the first TC and reloaded from the Load
register and disarmed on the second TC. This mode allows the
Gale to controlthe extension of both the initial output delay time
and the pulse width.

MODE I
Hardware-Trlggered Delayed Pulse Strobe

cM7 cM6 cM5 cM4 cM3 cM2 cM1 cM0
0 1 0 X X X X X

Mode l, shown in Figure 1-17i, is identical to Mode G, except that
counting will not begin untila Gate edge is applied to an armed
counter. The counter must be armed before application of the
triggering Gate edge; Gate edges apptied to a disarmed @unter
are disregarded. An armed counter will start counting on the first
source edge after the triggering Gate edge. Counting will then
proceed in the same manner as in Mode G. Afterthe second TC,
the counter will disarm itself. An ARM command and Gate edge
must be issued in this order to restart counting. Note that after
application of a triggering Gate edge, the Gate input will be
disregarded until the second TC. This differs lrom Mode H, where
the Gate can be modulated throughout the count cycle to stop and
start the counter.

cM15 cM14 cM13 cM12 cM11 cM10 cM9 cM8
EDGE X X X X X

souace r[,[,[rlr\n-rf-/1-l]-/\ n-rf-/]-/\-/\ n-/]-/l-/\n n-r\n-/]-l\
GAIE

COUNT
VALUE

rc
OUTPUT

TC TOGGLED
OUTru'

th

MOS€95

antr
corr^l{o

Flgure 1-17h. Mode H Waveforms
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Mode I Waveforms
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cM15cM14 cM13 cM12 cM11 cM10 cM9 cM8

0 0 0 X X X X X

ilODE J
Varlable Duty Cycle Rate Generator wlth No
Hardware Gatlng

cM7 cM6 cM5 cM4 cM3 cM2 cM1 cM0

0 1 1 X X X X X

Mode J, shown in Figure 1-17j, will find the greatest usage in
frequency generation applications with variable duty cycle re-
quirements. Once armed, the @unler will count continuously until
it is issued a DISARM command. On the tirst TC, the counter will
be reloaded from the Hold register. Counting will then proceed
until the second TC at which time the counter will be reloaded
from the Load register. Counting will continue, with the reload
source altemating on each TC, until a DISARM command is
issued to tho counter. (The third TC reloads from the Hold regis-
ter, the fourth TC reloads from the Load register, etc.) A variable
duty cycle output can b€ generated by specifying the TC Toggled
output in the Counter Mode register. The Load and Hold values
then directly control the output duty cycle, with high resolution
available when relatively high count values are used.

MODE K
Variable Duty Cycle Rate Generator wlth Level Gatlng

cM7 cM6 cM5 cM4 cM3 cM2 cM1 cM0

0 1 1 X X X X X

Mode K, shown in Figure 1-17k, is identical to Mode J except that
source edges are only counted when the Gate is active. The
counter must be armed for counting to occur. Once armed, the
counter willcount all source edges which occurwhile the Gate is
active anddisregard those source edges which occur while the
Gate is inactive. This permits the Gate to tum the count process
on and off. As with Mode J, the reload source used will alternate
on each TC, starting with the Hold register on the first TC after any
ARM command. When the TC Toggled output is used, this mode
allows the Gale to modulate the duty cycle of the output
waveform. lt can atfect both the high and low portions of the
output waveform.

THUI

TC
OUTruT

7C TOGGLEO
OT'TPUT

MOS€97

Figure 1-17j. Mode J Waveforms
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Figure 1-17k. Mode K Waveforms
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cM15 cM14 cM13 cM12 cM11 cM10 cM9 cM8
EDGE X X X X X

MODE L
Hardware-Trlggered Delayed Pulse One-Shot

cM7 cM6 cM5 cM4 cM3 cuz cM1 cM0

0 1 1 X X X X X

Mode L, shown in Figure 1-171, is similar to Mode J except that
counting will not begin until a Gate edge is applied to an armed
counter. The counter must be armed before application of the
triggering Gate edge; Gate edges applied to a disarmed count6r
are disregarded. The counter will start counting source edges
after the triggering Gate edge and counting will proceed untilthe
second TC. Note that after application of a triggering Gate edge,
the Gate input will be disregarded tor the remainder of the count
cycle. This ditfers from Mode K, where the gate can be modulated
throughout the count cycle to stop and start the @unter. On the
first TC after application of the triggering Gate edge, the counter
will be reloaded from the Hold register. On the second TC, the
counter will be reloaded from the Load register and counting will
stop until a new gate edge is issued to the counter. Note that
unlike Mode K, new Gate edges are required after every second
TC to continue counting.

MODE N
SoftwareTrlggered Strobe wlth Level Gatlng and
Hardware Retrlggering

cM7 cM6 cM5 cM4 cM3 cM2 cM1 cM0
1 0 0 X X X X X

Mode N, shown in Figure 1-17n, provides a software-triggered
strobe with levelgating that is also hardware retriggerable. The
counter must first be issued an ARM command before counting
can occur. Once armed, the counter will count all source edges
which occur while the gate is active and disregard those source
edges which occur while the Gate is inactive. This permits the
Gatg to turn the count process on and off. After the issuance of an
ARM command and the application of an active Gate, the counter
will count to TC. Upon reaching TC, the counter will reload from
the Load register and automatically disarm itself, inhibiting further
counting. Counting will resume upon the issuance of a new ARM
command. All active-going Gate edges issued to an armed
counter will cause a retrigger operation. Upon application of the
Gate edge, the counter contents will be saved in the Hold register.
On the first qualified source edge after application of the retrig-
gering gate edge the contents of the Load register will be transfer-
red into the counter. Counting will resume on the segond qualified
source edge after the retriggering Gate edge. Qualified source
edges are active-going edges which occurwhilethe Gate is active.

cM15 cM14 cM13 cM12 cM11 cM'|0 cM9 cM8
LEVEL X X X X X

COUNT
VALUE

rcnn
ou*u t - .  r  \_ -

TC TOGGLEO
OUTPUT

MOS€99

Flgure 1-171. Mode L Waveforms

1 - 1 8



nor, 
-

""liil

TC
ouTPut

TC TOGGLED
OUTruT

/-\
/ \

t_

- \ i -
Y
A

ARM
COMIIIAND

MOS€00

Flgure 1-17n. Mode N Waveforms

MODE O
Softwar+Trlggered Strobe wlth Edge Gatlng and
Hardwars Retrlggerlng

cM7 cM6 cM5 cM4 cM3 cM2 cM1 cM0

1 0 0 X X X X x

Mode O, shown in Figure 1-17o, is similar to Mode N, except that
counting will not begin untilan active-going Gate edge is applied
to an armed counter and the Gate level is not used to modulate

counting. The counter must be armed before application of the
triggering Gate edge; Gate edges applied to a disarmed @unter
are disregarded. lrrespeclive of the Gate level, the counter will
count all source edges after the triggering Gate edge until the first
TC. On the first TC the clunter will be reloaded from the Load
register and disarmed. A new ARM command and a new Gate
edge must be applied in that orderto initiate a new counting cycle.
Unlike Modes C, F, I and L, which disregard the Gate input once
counting starts, in Mode o the count process will be retriggered
on all active-going Gate edges, including the first Gate edge used
to start the counter. On each retriggering Gate edge, the counter
contents will be transferred into the Hold register. On the first
source edge after the retriggering Gate odge the Load register
contents will be transferred into the counter. Counting will resume
on the second-source edge after a retrigger.

cM15cM14 cMl3 cMl2 cM11 cMl0 cM9 cM8

EDGE x X X X x

GATE

COUMT
VALUE

TC
OUTPUT

TC TOGGLEO
OUTPUT

wE 
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t-
L/
ART'

COil[AND

MOS€Ol

Figure 1.17o. Mode O Waveforms
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MODE O
Rate Generator wlth Synchronlzatlon
(Event Counter wlth Auto-Read/Reset)

Mode Q, shown in Figure 1-17q, provides a rate generator with
synchronization or an ev6nl counter with auto-read/reset. The
counter must first be issued an ARM command before counting
can occur. Once armed, the counter will count all source edges
which occur while the Gate is active and disregard those edges
which occur while the Gate is inactive. This permits the Gate to
tum the count process on and ofi. After the issuance of an ARM
command and the application of an active Gate, the counter will
count to TC repetitively. On each TC the counter will reload itself
from the Load register. The counter may be retriggered at any
time by presenting an active-going Gate edge to the Gate input.
The retriggering Gate edge will transfer the contents of the
counter into the Hold register. The first qualified source edge after
the retriggering Gate edge willtransfer the contents of the Load
register into the Counter. Counting will resume on the second
qualified source edge atter the retriggering gate edge. Qualified
source edges are active-going edges which occurwhile the Gate
is active.

*u"".ffi

MODE R

Retriggerable One-Shot

cM7 cM6 cMs cM4 cM3 cM2 cM1 cM0
1 0 1 X X X X X

Mode R, shown in Figure 1-17r, is similar to Mode Q, except that
edge gating rather than level gating is used. ln other words, rather
than use the Gate levelto qualify which source edges to count,
Gate edges are used to start the counting operation. The counter
must be armed before application of the triggering Gate edge;
Gate edges applied to a disarmed counter are disregarded. After
application of a Gate edge, an armed counter will count all source
edges until TC, irrespective of the Gate level. On the first TC the
counter will be reloaded from the Load register and stopped.
Subsequent counting will not occur until a new. Gate edge is
applied. All Gate edgds applied to the counter, including the first
used to trigger counting, initiate a retrigger operation. Upon appli-
cation of a Gate edge, the counter contents are saved in the Hold
register. On the first source edge after the retriggering Gate edge,
the Load register contonts will be transferred into the @unter.
Counting will resume on the second source edge afterthe relrig-
gering Gate €dge.

cM15 cM14 cM13 cM12 cMl1 cM10 cM9 cM8
LEVEL X X X X X

cM15 cM14 cM13 cM12 cM11 cM10 cM9 cM8
EDGE X X X X X

Figure 1-17q. Mode Q Waveforps
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Flgure 1-17r. Mode R Waveforms
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cM15 cM14 cM13 cM12 cM11 cMl0 cM9 cM8

0 0 0 X X X X X

MODE S

cM7 cM6 cM5 cM4 cM3 cM2 cMl cM0

1 1 0 x X X X X

In this mode, the reload sourcefor LOAD commands (irrespective
of'whether the counter is armed or disarmed) and for TGinitiated
reloads is determined bythe Gate input. The Gate input in Mode S
is used only to seleci the reload source, not to start or modulate
counting. When the Gate is Low, the Load register is used;when
the Gato is High, the Hold register is used. Note the Low-Load,
High-Hold mnemonic convention. Once armed, the counter will
countto TC twice and then disarm itself. On each TC the counter
will be reloaded from the reload source selected by the Gate.
Following the second TC, an ARM command is required to start a
new counting cycle. Mode S is shown in Figure 1-17s.

MODE V

Frequency-Shlft Keying

cM7 cM6 cM5 cM4 cM3 cM2 cM1 cM0

1 1 1 X X X X X

Mode V, shown in Figure 1-17v, provides frequency-shift keying
modulation capability. Gate operation in this mode is identicalto
that in Mode S..llthe Gate is Low, a LOAD command or a
TO-induced reload will reload the counter from the Load register.
lf the Gate is High, LOADs and reloads will occur from the Hold
register. The polarity of the Gate only selects the reload source; it
does not start or modulate counting. Once armed, the counter will
count repetitively to TC. On each TC the counter will reload itself
from the register determined by the polarity of the Gate. Counting
willcontinue in this manner untila DISARM command is issued to
the counter. Frequency shift keying may be obtained by specity-
ing a TC Toggled output mode in the Counter Mode register. The
switching ot frequencies is achieved by modulating the Gate.

cM15 cMl4 cM13 cM12 cM11 cM10 cM9 cM8

0 0 0 X X X X X

TC
OUTruT

TC TOCCLED
OUTPUT

Mos€o4

Flgure 1-17e. Mode S Waveforms
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Flgure 1-17v. Mode V Waveforms
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MODE X

Hardwarc Save (avallable in Am9513A only)

cM7 cM6 cM5 cM4 cM3 cM2 cM1 cM0

1 1 1 x X X X X

Mode X, shown in Figure 1-17x, provides a hardware sampling of
the counter contents without interrupting the count. A Load and
Arm command or a Load command followed by an Arm command
is required to initialize the counter. Once armed, a Gate edge
starts the counting operation; gate edges applied to a disarmed
counter are disregarded. After application of the Triggering Gate
edge the counter will count all qualif ied source edges until the f irst
TC, inespective of the gate level. All gate edges applied dudng
the counting sequence will store the cunent count in the Hold
register, but they will not interrupt the counting sequence. On
each TC, the counter will be reloaded from the Load register and
stopped. Subsequent counting requires a new triggering Gate
edge; counting resumes on the first source edge following the
triggefing Gate edge.

Note: Mode X is only available in the Am95'13'A' devices.

COUNTER MODE CONTBOL OPTIONS

Each Counter Logic Group includes a 16-bit Counter Mode (CM)
register used to controlallof the individualoptions available with
its associated general @unter. These options include output
configuration, oounl control, @unt gource and gating control.
Figure 1-18 shows the bit assignments for the Gounter Mode
registers. This section describes the control options in detail.
Note that generally each counter is independently configured and
does not depend on information outside its Counter Logic Group.
The Counter Mode register should be loaded only when the
counter is Disarmed. Attempts to load the Counter Mode register
when the counter is armgd may result in erraticcounteroperation.

Figure 1-17x. Mode X Waveforms

1-22

After power-on reset or a Master Reset command, the Counter
Mode registers are initialized to a preset condition. The value
entered is 0800 hex and results in the following control
configuration;

Output low impedance to ground
Count down
Count binary
Count once
Load register selected
No retriggering
F1 input source selected
Positive-true input polarity
No gating

Output Control

Counter mode bits CMO through CM2 specify the output control
conliguration. Figura 1-19 shows a schematic representation of
the ouput control logic. The OUT pin may be off (a high imped-
ance state), or it may be inactive with a low impedance to
ground. The three remaining valid combinations represent the
ac-tive High, active Low or TC Toggle output waveforms.

One output form available is called Terminal Gount (TC) and
represents the period in time thatthe counter reaches an equiva-
lent value of zero. TC will occur on the next count when the
@unter is at 0001 for down counting, at 9999 (BCD) for BCD up
counting or at FFFF (hex) for binary up counting. Figure 1-20
shows a Terminal Count pulse and an example context that
generated it. The Tc width is determined by the period of the
counting source. Regardless of any gating input or whether the
counter is Armedor Disarmed, the terminalcountwillgo active for
only one clock cycle. Figure 1-20 assumes active-high source
polarity, counter armed, counter decrementing and an external
reload value of K.

The counterwill always be loaded from an exlernal location when
TC occurs; the user can choose the source location and the
value. lf a non-zero value is picked, the countet will never really
attain a zoro state and TC will indicate the counter stati that
would have been zero had no parallel transfer occurred.

cM15 cM14cM13cM12cM11cM10 cM9 cM8

Edge X X x x X



ooo0 = TcN-1
0001 = SRC 1
0010 = SBC2
0011 = SRC3
0100 = SRC4
0101  =  SRCS
0110  =  GATE l
0111  =  GATE2
1000 = GATE3
1001 = GATE4
1010 = GATE5
1011  =  F1
1100 = F2
1101  =  F3
1 1 1 0  =  F 4
1 1 1 1  =  F 5

'I = Enable Special Gale

0 = ReloadlromLoad
i = Reloadhom LoadorHol

Except in Mode X Which
Reloads Only from Load

0 = Count Once
1 = Count Repelitively

0 = Binary Count
'| = BCD Count

0 = Count Down
1 = Count Up

cM15 cM14 cM13 cM12 cM11 cM10 cM9 cM8 cM7 cM6 cMs cM4 cM3 cM2 cM1 cM0

Count Sourca Selcction Couil Conlrol

0 = Oisable Soecial Gate

Source Edg6
0 = CounlonRis ingEdge
1 = Count on Falling Edge

Getlng Control
000 = No Gating
001 = Active High TCN-1
010 = Active High Lev€IGATE N+ 1
011 = Act iveHighLevel  GATEN-1
100 = Active High Level GATE N
101 : ActivelowLevel GATE N
'110. = Active High EdgeGATE N
111 = ActivoLowEdgeGATE N

000 = Inactive.OutDutLow
001 : Active High Terminal Count Pulse
010 = TCTogSled
011 = l l legal
100 = Inaclive, Outpui High lmpedance
101 = ActiveLowTerminalCountPulse
110 = l l logal
1 11 = lllegal

Note: See Figure 1-17 for restrictions on Ccunt Control and Gating Control bit combinations.

M O S - 1 7 6

Flgure 1-18. Counter Mode Register Blt Assignments
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Figure 1-19. Output Control Logic
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Figure 1-20. Counter Output Waveforms

The other output form, TC Toggled, uses tho trailing edge of TC to
toggle a flip-flop to generate an output level instead of a pulse.
The toggle output is 112 the frequency of TC. The TC Toggled
output r4,ill frequently be used to generate variable duty-cycle
square waves in Operating Modes G through K.

In Mode L the TC Toggled output can be used to generate a
one-shot function, with the delay to the start of the output pulse
and the width of the output pulse separately programmable. With
selection of the minimum delayto the start of the pulse, theoutput
willtoggte on the second source pulse following application of the
triggering Gate edge.

Note that the TC Toggled output form contains no implication
about whether the output is active-high or active-low. Unlike the
TC output, which generates a transient pulse which can clearly be
active-high or active-low, the TC Toggled output wavelorm only
flips the state of the output on each TC. The sole criteria of
whether the TC Toggled output is active-high or active-low
is the level ot the output at the start of the count cycle. This
can be controlled by the Set and Clear Output commands. (See
Figure 1-21 .)

TC (Terminal Count)

On each Terminal Count (TC), the counter will reload itself from
the Load or Hold register. TC is defined as that period of time
when the counler contents would have been zero had no reload
occurred. Some special conditions apply to counter operation
immediately before and during TC.

1. ln the clock cycle before TC, an internal signal is generated
that commits the counter to go lo TC on the nexl count, and
retriggering by a hardware Gate edge (Modes N, O, Q and R)
or a sottware LOAD or LOAD-and-ARM command will not
extend the time to TC. Note that the "next count" driving the
counter to TC can be caused by the application of a count
source edge (in level gating modes, the edge must occur while
the gate is active, or it willbe disregarded), by the application
of a LOAD or LOAD-and-ARM command (see 2 below) or by
the application of a STEP command.

2. ll a LOAD or LOAD-and-ARM command is executed during
the cycle preceding TC, the counter will immediately go to TC.
lf these commands are issued during TC, the TC state will
immediately terminate.

3. When TC is active, the counter will always count the next
source edge issued to it, even if it is disarmed or gated ofl
during TC. This means that TC will never be active for longer
than one count period and it may, in fact, be shorter if a STEP

command or a LOAD or LOAD-and-ARM command is applied
during TC (see item 2 above). This also means that a counter
that is disarmed or stopped on TC is actually disarmed/
stopped immediately following TC.

This may cause count sequences different from what a user might
expect. Since the counter is always reloaded at the start of TC,
and since it always counts at the end of TC, the counter contents
following TC will ditfer by one from the reloaded value, irrespec-
tive of the operating mode used.

lf the reloaded value was 0001 for down counting, 9999 (BCD) for
BCD up counting or FFFF (hex) for binary up counting, the count
at the end of TC will drive the counter into TC again regardless of
whether the counter is gated otf or disarmed. As long as these
values are reloaded, the TC output will stay active. lf a TC Tog-
gled output is selected, it willtoggle on each count. Execution of a
LOAD. LOAD-and-ARM or STEP command with these counter
contents will act the same as application of a source pulse,
causing TC to remain active and a TC Toggled output to toggle.

Count Control

Counter Mode bits CM3 through CM7 specify the various options
available'for direct controlof the counting process. CM3 and CM4
operate independently of the others and'control up/down and
BOD/binary counting. They may be combined freely with other
control bits to form many types of counting configurations. The
other three bits and the Gating Control field interact in complex
ways. Bit CM5 controls the repetition of the count process. When
CM5 = 1, counting will proceed in the specified mode until the
counter is disarmed. When CM5 = 0, the count process will
proceed only until one full cycle of operation occurs. This may
occur after one or two TC events. The counter is then disarmed
automatically. The single or double TC requirement will depend
on the state of other control bits. Note that even if the counter is
automatically disarmed upon a TC, it always counts the count
source edge which generates the trailing TC edge.

When TC occurs, the counter is always reloaded with a value
from either the Load register or the Hold register. Bit CM6
specifies the source options for reloading the counter. When CM6
: 0, the contents of the Load register will be transferred into the
counter at every occurrence of TC. When CM6 = 1, the counter
reload location will be either the Load or Hold Register. The
reload location in this case may be controlled externally by using
a GATE pin (Modes S and V) or may allernate on each TC (Modes
G through L). With alternating sources and with the TC Tog-
gled ouput selecled, the duty cycle of the output waveform is



controlled by fte relative Load and Hold values and very tine
resolution of duty rycle ratios may be achieved.

Bit CM7 controls the special gating lunctions that allow retrigger-
ing and the selection ol Load or Hold sources for counter reload-
ing. The use and definition of CM7 will depend on the status of the
Gating Control lield and bits CMS and CM6.

Hardware Retriggering

Whenever hardware retriggering is enabled (Modes N, O, Q and
R) all active going Gate edges initiate retrigger operations. On
application of the Gate edge, the counter contents will be trans-
ferred to the Hold register. On the first qualified source edge after
application of the retriggering Gate edge, the Load register con-
tents will be transferred into the counler. (Qualified source edges
are edges which occurwhile the counter is gated on and Armed.)

This means that if level gating is used, the edge occurring on
active-going gate transitions will initiate a retrigger. Similarly,
when edge gating is enabled, an edge used to start the counter
will also initiate a retrigger. The first count source edge applied
after the Gate edge will not incremenVdecrement the counter but
retrigger it.

lf a Load, Load and Arm, or Sttip Command occur between the
retriggering Gate edge and the first qualified source edge, it will
be interpreted as a source edge and transfer the Load register
contents into the counter. Thereafter. the counter will count all
qualified source edges.

When some form of Gating is specified, CM7 controls hardware
retriggering. In this case, when CM7 : 0 hardware retriggering
does not occur; when CM7 = 1 the counter is retriggered any time
an active-going Gate edge occurs. Retriggering causes the
counter value to be saved in the Hold register and the Load
register @ntents to be transferred into the counter.

When No Gating is specified, the definition of CM7 changes. In
this case, when CM7 = 0 the Gate input has no effect on the
counting; when CM7 = 1 the Gate input specifies the source
(selecting either the Load or Hold regisler) used to reload the
counter when TC occurs. Figure 1 -1 6 shows the various available
control combinations for these interrelated bits.

Count Source Selectlon

Counter Mode bits CM8 through CM12 specify the source used as
input to the counter and the active edge that is counted. Bit CM12
controls the polarity lor all the sources; logic zero counts rising
edges and logic one counts falling edges. Bits CM8 through CM11
select 1 of 16 counting sources to route to the counter input. Five
of the available inputs are internal frequencies derived from the
internal oscillator (see Figure 1-15 for frequency assignments).
Ten of the available inputs are interface pins; five are labeled
SRC and five are labeled GATE.

The 16th available input is the TC output from the adjacent
lower-numbered counter. (The Counter 5 TC wraps around to the
Counter 1 input.) This option allows internal concatenating that
permits very long counts to be accumulated. Since all five count-
ers may be concatenated, it is possible to configure a counter that
is 8O-bits long on one Am9513 chip. WhenTCN- 1 is the source,
the count ripples between the connected counters. Extemalcon-
neclions can also be made, and can use the toggle bit for even
longer @unts. This is easily accomplished by selecting a TC
Toggledoutput modeand wiring OUTN tooneof the SRC inputs.

Gating Control

Counter Mode bits CM15, CM14, CM13 specity the hardware
gating options. When "no gating" is selected (000) the @unter

will proceed unconditionally as long as it is armed. For any other
gating mode, the count process is conditioned by the specified
gating configuration.

For a code of 100 in this field, counting can proceed only when the
pin labeled GATEN associated with Counter N is at a logic high
level. When it goes low, counting is simply suspended until the
Gate goes high again. A code of 101 performs the same function
with an opposite active polarity. Codes 010 and 011 offer the same
function as 100, but specify alternate input pins as Gating
Sources. This allows any of three interface pins to be used as
gates for a given counter. On Gounter 4, for example, pin 34, pin
35 or pin 36 may be used to perform the gating function. This also
allows a single Gate pin to simultaneously control up to three
counters. Counters 1 and 5 are considered adjacent when using
TCN - 1 (001),  Gate N + 1 (010)andGateN - 1 (011)controls.

For codes of 110 or 111 in this field, counting proceeds after the
specified active Gate edge until one or two TC events occur.
Within this interval the Gate input is ignored, except for the
retriggering option. When repetition is selected, a cycle will be
repeated as soon as another Gate edge occurs. With repetition
selected, any Gate edge applied atter TC goes active will start a
new count cycle. Edge gating is useful when implementing a
digital single-shot since the gate can serve as a convenient firing
trigger.

A 001 code in this field selects the TC output from the adjacent
lower-numbered counter as the gate. This is useful for synchro-
nous counting when adjacent counters are concatenated.

COMMAND DESCRIPTIONS

The command set for the Am9513 allows the host processor
to customize and manage the operating modes and features
for particular applications, to initialize and update both the inter-
nal data and control information, and to manipulate operating
bits during operation. Commands are entered directly into the
8-bit Command register by writing into the Control port (see
Figure 1-8).

All available commands are described in the following text. Figure
1-21 summarizes the command codes and includes a brief de'
scription of each function. Figure 1-22 shows allthe unused code
combinations; unused codes should not be entered into the
Command register since undefined activities may occur.

Six of the command types are used for direct software control of
the counting process and they each contain a s-bit S field. ln a
linear-select fashion, each bit in the S field corresponds to one of
the five general counters (Sl = Counter 1 , 52 : Counter 2, etc.).
When an S bit is a one, the specified operation is performed on
the counter so designated; when an S bit is a zero, no operation
ocrurs for the corresponding counter. This type of command
formal has three basic advantages. lt saves host sottware by
allowing any combination of counters to be acted on by a single
command. lt allows simultaneous action on multiple counters
where synchronization of commands is important. lt allows
counter-specific service routines to control individual counters
without needing to be aware of the operating context of other
@unters.

Three of the commands use a 3-bit binary code (N4, N2, N1) to
identify the affected counter (a 001 programs counter 1, etc.).
Unlike the previously mentioned commands, these commands
allow you to program only one counter at a lime.
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Command Code

Command Descrlptlongl c6 c5 er c3 c2 cl c0
0 0 0 E2 E1 G4 G2 G1 Load Data Pointer register with contents of E and G fields.

( G l o 0 o , G # 1 1 0 )

0 0 1 S5 S4 s3 S2 S1 Arm counting for all selected @unt€rs

0 1 0 S5 S4 S3 S2 s1 Load contents of specified source into all selected counters

0 1 1 s5 s4 S3 S2 S1 Load and Arm all selected counters'

1 0 0 s5 s4 s3 S2 s1 Disarm and Save all selected @unters

1 0 I S5 S4 33 S2 S1 Save all selected @unters in Hold register

1 1 0 S5 s4 S3 s2 S1 Disarm all sslected counters

1 1 1 0 1 N4 N2 N1 Sel Toggle out (High) lor counter N (@1 < N < 101)

1 1 1 0 0 N4 N2 N1 Clear Toggle out (Low) lor counler N (001 < N < 101)

1 I 1 1 0 N4 N2 N1 Stsp counter N (001 < N < 101)

I 1 I 0 1 0 0 0 Set MM14 (Disable Data Poinler Sequencing)

t 1 1 0 1 1 1 0 Set MM12 (Gate off FOUT)
'l 1 1 0 1 1 1 1 Set MM13 (Enter 16-bit bus mode)

1 1 1 0 0 0 0 0 Clear MM14 (Enable Data Pointer Sequencing)

1 1 1 0 0 1 1 0 Cfear MM12 (Gate on FOUT)

I 1 1 0 0 1 1 1 Clear MM13 (Enter 8-bit bus mode)

1 1 1 1 1 0 0 0 Enable Prefetcit for Write operations (Am9513'A' only)

I 1 1 1 1 0 0 1 Disable Prefetch for Write operations (Am951 3'A' only)

I 1 1 1 1 1 1 1 Master reset

c7 c6 c5 u c3 c2 c1 c0
1 1 1 1 0 0 0 0

I 1 1 1 0 1 1 0
1 I 1 1 0 I 1 1

0 0 0 x x 1 1 0

0 0 0 x x 0 0 0
r 1 1 1 1 1 x X X

'Notto be used for asyncironous operations.
Flgure 1-21. Am9513 Command Summary

'Unused oxcept when )fiX = 111, 001 or fi)O.

Flgure 1-22. Am9513 Unusod Command Codes

Arm Countere

Coding: c7 c6 c5 an c3 c2 cl c0
0 0 1 s 5 9 4 S 3 S 2 S 1

Descriflion: Any combination of counters, as specified by the S
field, will be enabled lor counting. A counter must be armed
before oounting can @mmence. Once armed, the counting pro-
cess may be further enabled or disabled using the hardware
gating facilities. This @mmand can only arm or do nothing lor a
given counter; a zero in the S field does not disarm the counter.

ARM and DISARM oommands can b€ used to gate counter
operation on and otf under software @ntrol. DISARM commands
entered while a counter is in the TC state will not take effect until
lhe couiler leaves TC. This ensures that lh6 @unler never
latches up in a TC state. (fhe counter may leave the TC stato
beoause ol application of a count source edge; execution of a
LOAD or LOAD-and-ARM command; or execution of a STEP
command.)

ln modes which alternate reload sources (Modes G-L), the
ARMing operation is used as a reset for the logic which deter-
mines which reload source to use on the upcoming TC. Following
each ARM or LOAD-and-ARM comnland, a counter in one of
these modes will reload from the Hold register on the first TC and
alternate reload sources thereafter (reload from the Load register
on the second TG, the Hold register on the third, etc.).

load Counterr

Coding: c7c6csc / -c3c2c1c0
010s5s4s3s2s l

Description: Any combination of counters, as specified in the S
field, will be loaded with previously entered values. The source of
inlormalion for each @unter will be either the associated Load
register or the associated Hold register, as determinsd by the
operating configuration in the Mode register. The Load/Hold
contents are not changed. This command will cause a transfer
independent of any current operating contiguration for the
counter. lt will often be used as a software retrigger, or as @unter
initialization prior to ac,tive hardware gating.

lf a LOAD or LOAD-and-ARM command is execuied during the
cycle preceding TC, the counter will go immediately to TC. This
occurs because the LOAD operation is perlormed by generating
a pseudo-count pulsa, intemal to the Amg513, and the Am9513 is
expecting to go into TC on the next count pulse. The reload
sourco used to reload the counter will be the same as that which
would have been used il the TC $rere generated by a sourcb
edge rather than by the LOAD op€ration.

Execution of a LOAD or LOAD-and-ARM command while a
@unter is in TC willcause the TC to end. For Armed counters in

1-26



all modes except S or V, the LOAD source used wilt be that to be
used for the upcoming TC. (The LOADing operation wiil not alter
the seloction of rel0ad source for the upcoming TC.) For Dis-
armed counters in modes except S or V, the reload sources used
will be the LOAD register. For modes S or V, the reload source will
be selected by the GATE input, regardless of whether the counter
is Armed or Disarmed.
Special considerations apply when modes with alternating re-
load sources are used (Modes G-L). It a LOAD command drives
the counter to TC in these modes, thg reload source for the next
TC will be from the opposite reload location. In other words, the
LOAD-generatsd TC willcause the reload sources to alternate
just as a TC generated by a source edEe would. Note that if a
sscond LOAD command is issued during the LOAD-generated
TC (or during any other TC, for that matter) the second LOAD
command will terminate the TC and cause a reload from the
source designated for use with the next TC. The second LOAD
will not alter the reload source for the next TC since the second
LOAD does not generate a TC; reload sources alternate on TCs
only, not on LOAD commands.

Load and Arm Gountersr

Coding: c7 c6 c5 c4 c3 c2 c1 c0
0 1 1 S 5 5 4 5 3 5 2 S 1

Description: Any combination of counters, as specified in the S
field, will be first loaded and then armed. This command is
equivalent to issuing a LOAD command and then an ARM
@mmand.

A LOAD-and-ARM command which drives a counterto TC gen-
erates the same sequence of operations as execution of a LOAD
command and then an ARM command. ln modes which disarm
on TC (Modes A-C and N-O, and Modes G-l and S if the current
TC is the second in the cycle) the ARM part of the LOAD-and-
ARM command will re-enable counting for another cycle. ln
modes which alternate reload sources (Modes G-L)the ARMing
operating will cause the next TC to reload from the HOLD regis-
ler, irrespective of which reload source the currsnt TC used.
'This command should not be used during asynctrronous operations.

Dlmnn Counteri

Coding: c7 c6 c5 c4 c3 c2 Cl C0
110s5s4S3S2S1

Dascription: Any combination of counters, as specified by the S
field, will be disabled from counting. A disarmed counter will
caase all counting independent of other controlconditions. The
only exception to this is that a counter in the Tc state will always
counl once, in orderto leave TC, bafore DlSARMing. This count
may be generated by a source edge, by a LOAD or LOAD-and-
ARM command (the LOAD-and-ARM command willnegate the
DISARM command) or by a STEP command. A disarmed
countsr may be updated using the LOAD command and may be
read using the SAVE command. A count process may be re-
sumed using an ARM command. See the ARM command de-
scription for further details.
Save Countera

Coding: c7 c6 cs c4 c3 c2 Cl C0
1 0 1 S s S 4 S 3 5 2 S 1

Description: Any combination of counters, as specified by the S
field, will have their contents transferred into their associated
Hold register. Thetransfertakes place without interferingwith any

counting that may be undenrtay. This command will ovenrrite any
previous Hold register contents. The SAVE command is de-
signed to allow an accumulated count to be preserved so that it
cah be read by the host CPU at some later time.

Disarm and Save Counters

Coding: c7 c6 cs c4 cg c2 cl co
100s5s4s3s2s1

Description: Any combination of counters, as specified by the S
field, will be disarmed and the contents ol the counter will be
transferred into the associated Hold registers. This command is
identical to issuing a DISARM command followed by a SAVE
command.

Set TC Toggle Output

Coding: c7 c6 c5 c4 c3 c2 c1 C0
1 1 1 0 1 N 4 N 2 N 1

( 0 0 1  < N < 1 0 1 )

Description: The initial output level for TC Toggle mode is set
(High) for counter N selected by N4, N2, N1 = 001 (Counter 1)
thru 101 (Counter 5) respectively. This command conditions the
TC Toggle flip-flop (see Figure 1-19), but does not appear at the
counter output unless TC Toggle mode (CM2, CM1 , CMO : 010)
is selected.

Clear TC Toggle Output

Coding: c7 c6 cs c4 c3 c2 c1 c0
1 1 1 0 0 N 4 N 2 N 1

( 0 0 1  < N < 1 0 1 )

Description: The initial output level for TC Togple mode is
Cleared (Low) for counter N selected by N4, N2, N1 : 001
(Gounter 1) thru 101 (Counter 5) respectively. This command
conditions the TC Toggle flip-flop (see Figure 1-19), but does not
appear at the counter output unless TC Toggle mode (CM2, CM1 ,
CMO = 010) is selected.

Step Counter

Coding: c7 c6 c5 Q4 C3 C2 C1 C0
1 1 1 1 0 N 4 N 2 N 1

( 0 o 1  < N < 1 0 1 )

Desqription: Counter N is incremented or decremented by one,
depending on its operating configuration. tf the Counter Mode
register associated with the selscted counter has its CMg bit
cleared to zero, this command will cause the counter to decre-
ment by one. lf CM3 is set to a logic high, this command witl
incremenl the counter by one. The STEP command wilt take
effect even on a disarmed counter.

Load Data Polnter Reglcter

Coding: c7 c6 c5 c4 c3 C2 C1 C0
000E2E1c4c2e1

(G4, G2, G1 I 000, * 110)
Description: Bits in the E and G fields will be transfened into the
conesponding Element and Group fields of ths Data Pointor
register as shown in Figure.l-9.The Byte Pointer bit in the Data
Pointer register is set. Translers into the Data Pointer only
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occur lor G lield values of 001, 010, 011, 100, 101 and 111. Gate on FOUT
Values of 000 and 110 for G should not be used. See the "Settins
the Data Pointer Register" section of this document for additional Coding:

details.

Dleable Data Polnter Sequenclng

Coding: c7 c6 c5 c4 c3 c2 c1 c0
1 1 1 0 1 0 0 0

Description: This command sets Master Mode bit 14 without
atfecting other bits in the Master Mode register. MM14 controls
the automatic sequencing of the Data Pointer register. Disabling
the sequencing allows repetitive host processoraccessto agiven
internal location without repetitive updating of the Data Pointer.
MM14 may also be controlled by loading a full word into the
Master Mode register.

Enable Deta Polnter Sequenclng

Coding: c7 c6 c5 c4 c3 c2 c1 c0
1 1 1 0 0 0 0 0

Description: This command clEars Master Mode bit 14 without
affecting other bits in the Master Mode register. MM14 conlrols
the automatic sequencing of the Data Pointer register. Enabling
the ssquencing allows sequential host processor access to sev'
eral intemal locations without repetitive updating of the Data
Pointer. MM14 may also be controlled by loading a fullword into
the Master Mode register. See the "Data Pointor Register" sec-
tion of this document lor additional information on Data Pointer
sequencing.

Enable l&Blt Data Bus

Coding: c7 c6 cs c4 c3 c2 c1 c0
1 1 1 0 1 1 1 1

Description: This command sets Masler Mode bit 13 without
affecting other bils in the Master Mode register. MM13 conlrols
the multiplexer in the data bus butfer. When MM13 is set, no
multiplexing takes place and all 16 extemalddta bus lines are
used to transler information into and out of lhe STC. MM13 may
also be controlled by loading the full Master Mode register in
parallel.

Enable &Blt Data Bur

Coding: c7 c6 c5 c4 c3 c2 c1 'co

1 1 1 0 0 1 1 1

Description: This command dears Master Mode bit 13 without
atfecting other bits in the Master Mode register. MM13 controls
the multiplexer in the data bus buffer. When MMl3 is cleared, the
multiplexer is enabled and 16-bit inlernal information is trans-
fered eight bits at atime to the eight low-orderextemaldata bus
lines. MM13 may also be contnoll6d by loading the full Master
Mode regisler in parallel.

Grle Ofi FOUT

Coding: c7 c6 cs c4 c3 c2 c1 c0
1 1 1 0 1 1 1 0

Description: This command sets Master Mode bit 12 without
afbcting other bits in the Master Mode register. MM12 controls
the output state of the FOUT signal. When gated off, the FOUT
line willexhlbit a low impedanoe to gound. MM12 may also be
controlled by loading the full Master Mode rcgister in parallel.

Description: This command clears Master Mode bit 12 without
affecting other bits in the Master Mode register. MM12 controls
the output status of the FOUT signal. When MM12 is cleared,
FOUT will become active and will drive out the selected and
divided FOUT signal. MM12 may also be controlled by loading the
full Master Mode register in parallel. When FOUT is gated on or
otf, a transient pulse may be generated on the FOUT signal.

Disable Preletch for Write Operations

Coding: c7c6csc4c3c2c1c0
1 1 1 1 1 0 0 1

Description: This command disables the prefetch circuitry during
Write operations (it does not affect Read operations). This re-
duces the write recovery time and allows the user to use block
move instructions for initialization ot the Am9513 registers. Once
prefetch is disabled for writing, an Enable Prefetch for Write or a
Reset command is necessary to re-enable the prefetch circuitry
for writing. Note: This command is only available in Am9513'A'
devices; it is an illegal command in the "non-A Am9513" device.

Enable Prefetch for Write Operatlons

Goding: c7c6csc /  c3c2c1c0
1 1 1 1 1 0 0 0

Description: This command re-enables the prefetch circuitry for
Write operations. lt is used only to terminate the Disable Pre-
fetch Command. Note: This command is only available in
Am9513'A' devices; it is an illegal command in the "non-A
Am9513" device.

llaster Rer€t

Coding: c7c6cscr ' -c3c2c1c0
t 1 ' 1  1 1 1 1 1

Description: The Master Res€t command duplicates the action
of the poweron reset circuitry. lt disarms all counters, enters
0O00 in the Master Mode, Load and Hold registers and enters
0800 (hex) in the Counter Mode registers.

Following eithgr a power-up or software reset, the LOAD com-
mand should be applied to all the counters to clear any that may
be in a TC state. The Data Pointer register should also be set to a
legal value, since reset does not initialize it. A complete reset
operation is given in the following.

1. Using the procedure given in the "Command lnitiation" sec-
tion of this document, enterthe FF (hex) command to perform
a software reset.

2. Using the "Command Initiation" procedure, enter the LOAD
command lor allcounters, opcode 5F (hex).

3. Using the procedure given in the "Setting the Data Pointer
Registe/' section of this document, set the Data Pointer
to a valid code. The legal Data Pointer codes are given in
Figure 1-10.

The Master Mode, Counter Mode, Load and Hold registers can
now be initialized to the desired values.
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Am9513 . CPU INTERFACING

The Am9513 is designed to interface easily to both the
Am8080l/8085A 8-bit family of CPUs and to the AmZ8000 16-bit
family of GPUs. Master Mode register bit MM13 allows the user to
program the Am9513 data bus for either an 8- or 16-bit width,
allowing the Am9513's data bus to be tailored to match that of the
host CPU.

Figure 2-1 shows an interface between the Am9513 and an
Am8085A CPU. The Am9513 is configured to appear in the
CPU's l/O space; connecting the lO/M output of the CPU to the
Minput of the decoder and tying G1 high will memory-map the
Am9513. In the configuration shown, the Am9513 operates with
an 8-bit data bus. Master Mode register bit MM13 should be 0 and
data bus pins DB13-D815 should be tied high as shown in the
diagram.
Figure 2-2 shows a suggested connection diagram between the
Am9513 and an AmZ8001' or AtnZSOf2'CPU. In this diagram
the Am9513 appears in both Regular and Special l/O space, by
virtue of the {ecoding of stratus lines ST1-ST3. Status line ST0
should be decoded also if it is necessary to separate the Regular
and Special l/O spaces. The AmZ8136 is a latched decoder
which stores the address information on the rising edge of AJ
providing he Am9513 with a stable F tor tre duration of the
transfer. The Am25LS158 muttiplexer generates FE'and WF-
from the CPU's DE and R/W tines. For maximum data
bandwidth between the CPU and the Am9513, Master Mode r+
gister bit MM13 should be set to 1 to configure the Am9513 for a
16-bit data bus width. This can be accomplished by writing
command opcode FFEF (hex) to the Am9513 following eac*r
reset and power-up.

CLOCK GENERATION

An internal oscillator is provided on the Am9513lor generation of
timing frequencies to drive the sourco inpub for the fivs counters
and the sour@ for the FOUT pin. Note that a clock signal is not
required for reads and writes to tho Am9513. In applications which

'28001 and Z80f,l2 ue trademarks of Zilog, lnc.

do not use the internal oscillator, the X2 input should be tied gither
High or Low to prevent accumulation of static charge. The X1
output is driven by an inverter contained in the Am9513 and
accordingly, Xl should be left floating to avoid damaging the
inverter's output stage.

Applications using the internaloscillator can drive the X1 and )e
inputs with an RC network, an sxternal non-TTL level
squarewave or a crystal. Figure 2-3 shows the recommended
methods of connecting different frequency sources to the internal
oscillato/s input.

A crystal provides a highly accurate frequency source at modsr-
ate cos(,and will usually be the preferred method of operation.
The Am9513 is designed to use a crystal in parallel-resonant
fundamental mode operation using the connection diagram
shown in Figure 2-3a. Most series-resonant crystals can also be
used, but the oscillator lrequency will be different by up to a faw
percent from the series resonant crystal's rated frequency. Two
ceramic capacitors should be connected between Xl and X2 to
ground to ensure proper crystal loading. (The crystal loading is
the capacitance the crystal should be driving to ensurs on-
frequency operation and reliable oscillator startup). Although the
crystal sees the capacitors on X1 and X2 in series, and neglects
the ground connection in the center, the use of two capacitors
stabilizos th6 bias on the crystal by referencing it to ground and
providas superior performance over the one capacitor equivalent
circuit. Ceramic capacitors are the best type for this application
because of their stability over time and temperature and their
superior high frequency characteristics.

An RC nelwork provides a very lor cost frequency source but
may exhibit large frequency variations over rs@mmended power
supply and tomperature ranggs, negating much of the precision
availabb in tho Am9513's counters. The RC connection is shown
in Figure 2-3b. Note that although there is an internal resistor
between Xl and X2, because this internalresistance is quite high,
an extsmal resistor should always be used in the RC operating
configurations.

G2A

G2B

Am25LSt30

A

B

c

AODRESgOATA BUS
'O OTHER DEVICES

MO5€06

Flgure 2-1. Am9513 - Am8085 Interfaclng
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An?8OOU2 Am9513

R/wDS EF m
L L
L H
H L
H H

L H
H L
H H
H H

RESET

AS

sT3
^":T-' ST2

VF
AmZ8002

srl

CLR

CP

GT
AmZ8136

G2

A

B

c
POL CE OE

MOS-607

Flgure 2-2. AnZ8O01/8002 - Am9513Interface

a) b)

18pF
CERATIC

MOS-185A

The Am9513A oscillator was ctranged from the Am9513. The capacitor values in previous designs should be cianged to the values shown.

T\t.pr
J- CERAI|IC

Figure 2-3. Driving the Xl and X2 Inputs

The Am9513 internal oscillator can also be driven by an extemal
signalas shown in Figure 2-3c. The Am9513 Electrical Specifica-
tion should be consulted for the voltage levels required on the X2
input to guarantee proper oscillator operation in this configura-
tion. Most circuits can generate this non-TTL level using a pull- up
resistor and a 74LS04 inverter, or equivalent. ln some cases a
pull-up resistor can be used to increase the high level output

voltage of an MOS device, such as on the Am8085A CLK output,
without the need for a bipolar butfer. Care musl be taken in this
bufferless circuit to choose a pull-up resistor low enough to meet
the Am9513's high levelvoltage needs without choosing a rssis-
tor value so low that the Am8085A has to sink excessively large
currents when pulling the CLK signal low.



REGISTER ACCESS

lnformatlon Transfer Protocols

The control signal configurations for all inlormation transfers on
the Am9513 data bus are summarized in Figure2-4. The interface
control logic assumes these conventions:

t. Fi-O anO WF are never active at the same time.
2. 

-RD,WF 
and CID are ignored unless 6 is tow.

The lollowing discussion provides software oriented examples of
Am9513 register accesses. Software examples are given for an
Am8085 CPU with an 8-bit Am9513 data bus interface and for an
AnZ8O02 CPU with a 16-bit Am9513 data bus interface. The
descriptions assume that the Am9513 Control port (CMDPRT) is
localed at address 12 (hex) and lhe Am9513 Data porl
(DATAPRT) is located at address 10 (hex). Later sections of this
document prssent complete software listings for representative
Am9513 applications.

Software lnltlatizatlon

Figure 2-5 shows a 28000 Software lnitialization Sequence tor
the 9513. lt is importantto notethe "DUMMY" LOAD COUNTER
COMMAND;this insures proper operation ot the part. The 16-bit
mode oommand is not used for 8-bit CPUs. The sequence then is
to Reset the device; Load all counters; Command 16-bit mode;
set Data Pointer to the Master Mode Register; set Master Mode
Register to desired value; set Data Pointer to counter #1 Mode
Register and initialize counters to desired mode of operation.
Note GS must be high during power-up or the intemal reset
circuitry will not function conectly. This will result in part ignoring
all commands issued to it except software resst.

Command Inltiation

Commands are issued to the Am9513 by writing the appro-
priate command code to the Am9513 Control Port. Figure 2-6
shows an exampie of command initiation, in this case opcode

Slgnal
Conllguratlon Data Bua

Operatloncs c/DFo WF

0 0 0 1
Transfer contents ol register addressed
by Data Pointer to the data bus.

0 0 1 0 Transfer contents of dala bus to data
register address€d by Data Pointer.

0 1 0 1
Transfer contenb of Status register to
data bus.

0 1 1 0 Transfer contents of data bus into
Conimand register.

X X 1 1 No transfer.

1 x x X No transfer.

X x 0 0 lllegal Condition.

Flgure 2.4. Data Bus Transfers

AD (hex), which saves the contents of Counters 1, 3 and 4 in
their associated Hold registers. In both the Am8080A/8085A
and AmZ8002 coding examples, the command is loaded into
an internal CPU register and output to the appropriate port.
Note that in the AmZ8002 case since a 16-bit data bus inter-
face is assumed the upper byte of data output to the Command
port must be FF (hex).

The procedure for executirtg a command is as follows:

1. Establish the appropriate command on the DBO-DB7 lines.
Figure 1-21 lists the command codes. When using the
Am9513 in 16-bit mode, data bus lines DB8-DB15 should be
set high during the write operation. In 8-bit data bus mode,
DB13-D815 should be set high during the write operation.

ZTHIS IS A SAI.IF.LE INTTIALIZATION SEOUENCE
ZFOR THE AH95I.3 COUNTER TIMER

}.iODULE 'I,NIT' ;

CONST C|'|DPRT=l2Hr
DATAF RT=1 0H i

0000  ? I01  F :FFF  IN IT :  LD  R1 I *FFFF i

HACRO8000 !  Versiorr ?.0 ?r ' l9t 'B0.
MACZ 9513INIT  $rF  rL r0r l . , l rD
INIT

0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0

000{  3E316 00 :12
0008 2101 FFg iF
0 0 0 c  3 E r t 6  0 0 L ?
0 0 1 0  ? 1 0 1  F F E F
001.4  3ErL6 00L2
0018 ?LOL FFIT
0 0 1 c  3 E t 6  0 0 1 ?
0 0 ? 0  ? 1 0 1  z c H F
o0?1 3E:16 0010
0 028 ?10 t .  FF 01
002c 38116 0012
0 030
0 0 3 0

OUT Cl' lDFRTrRt ? 7-SEND RE$ET
LD RJ. r *tsFEiFi
OUT Cl' lDFRTrRli ZLOAD ALL COUNTERS
LD R l r *FFEF i
OUT CMDFRTTRIi ZCOI'IMAND 16 EIT MOIIE
L D  R l r * F F l Z i
OUT CMDFRTTR1 i Z,POINT TO I'IASTER MCIDE REc
LD R l r *?CEF i
OUT DATAF'RTIRLi ZI' iASTER MIIDE SETTING
LD R:] I  I *FFOI i
OUT Cl' lDFRTrRli Y.POINT 

'l '0 
CNTR I I ' IODE REG

END.

Flgure 2-5. Am9513 Inltlallzation
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0100 oRG 100H
i
t  Ai l9513 PORT AnnRESSES
i

OO12 = CIIDPRT EOU 012H
OO10 =  DATAPRT EQU OlOFl

i
;  At19313 Cotf i . lANlr INITIATIoN
t

C1O0 3EAD }M A,OADH ;SAVE CTRS.  I  3  &  4
0102 n312 oUT CI. |BPRT

i
v

FAOE

a) 8080 Code

Alr9513_EXAT,TPLES

oooo
oooo
oo00
oooo
oo00
0000
oooo
oooo
oooo
oooo
oo00
oooo
oo00
ooo0 2102 FFAD
oo04 3826 0012
oooE
oo08
oooE

i lACRO8OOO AnZBOO0 Assenblen 1.0.1 Poge t

PROBRA}.| Ai,t95 1 3_EXAi,tPLES ;
ORIGIN OH;
z
z
Z AI{9513 PORT ADDRESSES
z

C0NST CI|DPRTal2Hr
DATAPRT=1OH;
z

AI{9513 EXA}IPLES:' 2

z Al l9513 COil t rANn INTTIATTON
z
LD R2TOFFABH;  ZSAVE CTRS.  1  g  &  4
ouT cl,tsPRT,R2;
z
z
EJECT;

b) AmZ8000Code

Flgure 2€. Command Inltiatlon Software

2.
3.
4.
5.

achieved, drive WF high, taking care the 6, C/6 and data
setup times are mat (see Timing Diagram).

6. After meeting the required 6, C/Dand data hold timas, these
signals can be changed (see Timing Diagram).

A new read or write operation to the Am9513 should not be
performed until the vyrite recovery time is met (see Timlng Dia-
gram in Electrical Specification.)

Settlng the Data Polnter Reglster

The Data Pointer register selects which intemal Am9513 register
is to be accessed through the Data port. Setting the Data Pointer
register automatically sets the Byte Pointerto 1, indicating a least
significant byte is expected for 8-bit data bus inierfacing. lf Master
Mode register bit MM14 = 0, the Data Pointer will automatically

sequenos through one of tho cycles shown in Figure 1-11 after
reading or writing each register, allowing sequential access to
intemal registers. lf MM14 = 1, auto-sequencing is disabled and a
single intemal register can be rspetitively a@essed without re-
loading the Data Pointer. For convenience, bit MM14 can be set or
cleared by software command.

The Pointer is set as follows:

1. Using Figures 1-9 and 1-10, select the appropriate Data
Pointer Group and Element codes for the register to be ac-
cessed. Note that two codes are provided for the Hold regis-
ters, to accommodate both the Hold Cycle and Element Cycle
autosequencing modes shown in Figure 1-11. lf auto-
sequencing is disabled, either Hold code may be used.

2. Using the "writing to the command Registel" procedure
given above, write the appropriate "Load Data Pointer/'com-
mand to the Command register.

Establish a High on the C/D input.
Establish a Low on the 6 input.
Establish a Low on the WR input.
Sometime afterthe minimumWF low pulse duration has been
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,
INTSR: ; INTERRUPT SERVICE ROUTINE

,
; DISABLE INTERRUPTS
i

o1o4 F3 Dr
t
; SET DATA POINTER TO COUNTER 1 HOLII REG
i

o1o5 3E19 l {v r  A ,o19H
0107 D312 ouT ct{DPRT

t
; ENABLE AUTO-SEOUENCING
i

o1o9 SEEO ttv l  AroEoH
o10B 0312 ouT ct',tEPR'l'

i
; coDE T0 ACCESS REBTSTERE
,
; DISABLE AUTO-SEOUENCINB
i

oloD 3EE8 l tv l  A,0E8H
o10F D3t2 oUT CI{$PRT

i
i ENAELE INTERRUPTS AND RETURN
a

0 1 1 1  F B  E I
0112 C9 RET

3
]
PAEE

a) 8080 Gode

Ar{t513_EXAl,rPLES

oo08
oooE
oooB
oooE Tcoo
oo0A
oooA
oo0A
oooA 2102 FF19
oooE 3826 0012
oo12
oo12
oo12
oo12 2102 FFEO
0016 3826 0012
oolA
oo lA
oolA
oolA
ootA
oolA 2102 FFEE
oolE 3826 0012
oo22
oo22
oo2?
oo22 7C04
oo24 7800
o026
oo26
oo26

I ' IACROEOOO AnZEOOO Aseenbler 1.O.1 Poge 2

z
INTSR: Z INTERRUPT SERVICE ROUTINE

z
D I  N V I , V I ;
z
Z SET DATA POINTER TO COUNTER 1 HOLD REG.
z
LD R2'OFF19H;
ouT ct{DPRT, R2;
z
Z ENABLE AUTO-SEOUENCINTi
z
LD R2TOFFEOH;
ouT cltDPRT, R2;
z
Z CODE TO AGCESS REGISTERS
z
Z DISABLE AUTO-SEOUENCING
z,
LD R2TOFFEBHi
ouT clttrPRT , R2;
z
Z ENABLE INTERRUPTS AND RETURN
z
E I  N V I , U I ;
IRET;
z
z
EJECT;

b) AmZ8000 Code

Figure 2-7. Am9513 Interrupt Servlce Routlne

2-5



In many systems the Am9513 counlers will be serviced by inter-
rupt routines. In such systems, it is important that the Am95'13
service routines not be interrupted by another Am9513 service
routine while register accesses are occurring. Consider, for
example, an interrupt service routine which reads the Hold regis-
ter value in the Counter 1 logic group. This routine will set the Data
Pointer register and read the Hold register value. Consider the
sequence of events which would occur if , afterthis routine set the
Data Pointer registers, but before it read the Hold register, it was
interrupted by a second Amg513 interrupt routine. This second
routine might, for example, read the Counter 3 logic group Hold
register value. When this second interrupt routine finishes, it
retur[s control lo the last half of the first interrupt rouline. Because
the second routine has changed the Dala Pointer register, the first
routine will not read the Hold register 1 contents. As can be seen
from the above scenario, the sequence of operations of setting
the Data Pointer register and accessing internal register locations
must not be interrupted by another Am9513 service routine.

One way of ensuring that this restriction is met is to disable
interrupts before setting the Data Pointer and not enabling inter-
rupts until the register accesses are pertormed. Note that when
auto-sequencing is used, inlerrupts should not be enabled until all
registers have been accessed. An alternative method of meeting
this restriction is to use software semaphores to prevent nesting
of Am9513 service routines.

Figure 2-7 shows sample interrupt service routines which set
the Data Pointer register to point to Counter 1's Hold register
and enable Hold cycle auto-sequencing by clearing MM14. ln
the AmZ8002 case, a 16-bit data bus interface is assumed,
requiring that the upper command byte be FF (hex). ln the
coding examples given interrupts are disabled and enabled by
software command. Since the AmZ8002 architecture loads a
new Flag and Control Word (FCW) when responding to an

Inlerrupt request, the FCW loaded can disable lurther inter-
rupts.  This provides an al ternat ive interrupt inhibi t ing
mechanism for AmZ8002 systems and may be used in lieu of
the software commands.

Reading the Status Register

The Am9513 Status register can be read either through the
Control port or through the Data port. Figure 2-8 shows sample
programs reading the Status register contents through the
Control port into the accumulator (A register) of an Am8080d
80854 system or the R0 register of an AmZ8002 system. lt is
assumed that the AmZ8002 system has a 16-bit data bus;
since the status register is only eight bits wide, the high byte of
register R0 is undefined.

The procedure for reading the Status register through the Control
port is given in the following.

1. Establish a High on the C/D input.
2. Establish a Low on the G input.
3. After the appropriate 6 and C/D setup time (see Timing

Diagram) make RD Low.
4. Sometime atler RD goes Low, the Status register contents will

appear on the data bus. These lines will contain the informa-
tion as long as RD is Low. ll the state 0l an OUT pin changes
while RD is Low, this will be reflected by a change in the
information on the data bus.

5. 
-RD 

can be driven High to conclude the read operation after
meeting the minimum RD pulse duration.

6. CS and G/D can change after meeting the appropriate hold
time requirements (see Timing Diagram).

A new read or write operation to the Am9513 should not be
attempted until the read recovery time is met (see Timing Dia-
gram in Electrical Specification).

J

I  CODE TO READ STATUS REGISTER
i

0113 BB12 IN C}IDPRT
s
i,
PAGE

a) 8080 Code

A1.r9513_EXAtTFLES

oo26
oo26
oo26
0026 3BO4 001?
o02A
o02A
oo2A

I {ACROEOOO ATnZEOOO Asserqlr ler 1.O.1 Poge 3

z
Z CODE TO READ FRII} I  STATUS REGISTER
z
IN RO, Ct{trPRT;
z
z
EJECT;

b) AmZ8000 Code

Flgure 2-8. Reading the Status Register
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Readlng From the Data Port

The registers which can be read from the Data port are the Load,
Hold and Gounter Mode registers for Counters 1 through 5, the
Alarm registers for Counters 1 and 2, the Master Mode register
and the Status register. Thei Status register can also be read from
the Control port. Reading the Status registerwith a 16'bit data bus
inter{ace will return undefined information on DB8-DB15.

The procedure for reading these registers is as follows:

1. Priorto performing the actual read operation, the Data Pointer
should be set to point to the register to be read, as outlined in
the "setting the Data Pointer" section of this document. In
cases where auto-sequencing of the Data Pointer is used, the
Pointer has to be set only once to the first register in the
sequence. When auto-sequencing is disabled, repetitive ac-
cesses can be made to the same register without reloading the
Data Pointer each time. Special care must be taken to reset
the Data Pointer after issuing a command other than "Load
Data Pointe/' to the Am9513 or when operating a counter in
modes N, O, Q or R. See the "Prefetch Circuit" section of this
document for elaboration.

2. Establish a Low on the C/D input.
3. Establish a Low on the CS input.
4. Establish a Low on FD after waiting lor the appropriate eS and

C/D setup time (see Timing Diagram).
5. Sometime after RD goes Low, the register contents will ap-

pear on the data bus. ln both 8- and 16'bit bus modes the low
register byte will appear on DBo-D87. ln addition, in 16-bit
bus mode, the upper register byte will appear on the DB8-
D815. For 8-bit bus mode, pins DB8-D815 are not driven by
the Am9513.

This inlormation will remain stable as long as RD is Low. lf the
register value is changed during the read, the change will not
be reflected by a change in the data being read, for lhe
reasons outlined in the "Prefetch Circuit" section of this
document.

6. 
-RD 

can be drivpn High to conclude the read operation after
meeting the mihimum RD pulse duration.

7. CS and C/D can change atter meeting appropriate hold time
requirements (see Timing Diagram).

8. ,After waiting the minimum read recovery time (see Timing
Diagram), a new read or write operation can be started. For
8-bit bus mode, steps 2 through 7 should be repeated to read
outthe high registerbyte on DBO-D87. (lf the Status registeris
being read in 8-bit mode, the two reads will return the Status
register each time. In 16-bit mode, reads from the Status
register return undefined data on DB8-D815.) The user is not
required to drive CS or C/D High between successive reads or
writes, although this is permissible.

As described in the "Setting the Data Pointer" register seclion,
the Am9513 seryice routines should disable interrupts during
Data port register accesses if the service routine could be in-
terrupted by another service routine requiring access to Data
port registers.

Figure 2-9 shows sample programs for reading a Data port
register. The Am8080A/8085A code reads the data in two byte
reads (low byte first) and assembles it into the HL register pair.
The AmZ8002 program assumes that a 16-bit data interface is
being used and reads the data into register R0 in a single word
read. This code can be substituted into the sample interrupt
service routines in Figure 2-7 in the place marked "Code to
Access Registers."

v

;  C0nE TO REAII FROII DATA PORT REG.
,

0115 BB1O IN T IATAPRT
0117 6F t ' lov  L ,  A
0118 TIBTO IN TIATAPRT
o 1 1 A  6 7  l ' l o v  H , A

t
v
PAGE

a) 8080 Code

Ail9S13_EXAI,tPLES

oo2A
oo?A
oo2A
oo2A 3824 0010
oo2E
oo?E
oo2E

i {ACRO8OOO AnZEOOO Assen l r l e r  1 .O .1  Poge  4

z
Z CCIDE TO REATI FROI,i DATA FORT REC.
z
IN  R? , ITATAFRT;
x
t
EJECT;

b) AmZ8000 Code

Figure 2-9. Reading Through the Data Port
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Wrltlng to the Data Port

The registers which can be written to through the Data port are the
Load, Hold and Counter Modo registers tor Counters 1 through 5,
the Alarm registers for Counters 1 and 2 and the Master Mode
register. The procedure for writing to these registers is as follows:

1 . Prior to performing ths actual write operation, the Data Pointer
should be set to point to the register to be written to, as ouilined
above in the "Setting the Data Pointer" section of this docu-
m6nt. In cases where auto-sequencing of the Data Pointer is
used, the Pointer has to be set only once to the tirst register in
the sequence. When auto-ssquencing is disabled, repetitive
accesses can be made to the sama register without reloading
the Data pointer each time.

2. Establish the appropriate data on the DBO-DB7 lines (8-bit
bus mode) or DB0-DB15 (16-bit bus mode). When using the
8-bit bus mode, data bus lines DBl3-DB15 shoutd be set High
during the write operation and DBO-DB7 should be set to the
lower data byte for the first write and to the upper data byte for
the second write.

3. Establish a Low on the C/D input.
4. Establish a Low on the G input.
5. Establish a Low on ttre WF input.

6. Drive WR High sometime after the minimum WF bw pulse
duration has been achieved, taking care theG, C/D and data
setup times are met (see-l'iming Diagram).

7. After meeting the required CS, C/D and data hold times, these
signals can be changed (see Timing Diagram).

8. After meeting the write recovery tim€ (see Timing Diagram) a
new read or write operation can be performed. For the 8-bit
bus mode, steps 2 through 7 should be repeated, this time
placing the high data byte on pins DBO-D87. The user is not
required to driveG or C/D Hign between successive reads or
writes, although this is permissible.

As described in the "Setting the Data Pointer" section, Am951B
service routines should disable interrupts during Data port regis-
ter accesses if the service routine could be intsrrupted by another
service routine requiring access to the Data port registers.

Figure 2-10 shows sample programs for writing a 16-bit value
to a Data porl register. The Am8080!/B0g5A code loads the
register by making two byte transfers (low byte first) to the
Am9513 Data port. A 16-bit data bus interface is assumed for
the AmZ8002 coding example; accordingly, a single word
transfer can be used to load a register. This code can be sub-
stituted into the sample interrupt service routines in Figure 2-7
in the place marked "Code to Access Registers."

t

;  CODE TO URITE TO 0ATA p0RT REG.
t

o11B 7D t ' tov ArL
Ol lC D31O OUT NATAPRT
o l lE  7C t tov  A rH
Ol.lF D31O OUT TIATAPRT

i
ir
i

0121  ENI I

A>

a) 8080 Code

At{?513_EXA}tPLES

oo2E
oo2E
oo2E
oozE 3826 00ro
oo32
oo32
oo32
oo32

| {ACROBOOO AnZEOOO Assenbler 1.O.1 poge S

z
Z CONE TO URITE TO BATA PRT REG.
z
ouT DATAPRTTR2;
z
z
z
END.

b) AmZ8000 Code

Flgure 2-10. Wrltlng Through the Data Port
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CONCATENATI NG COUNTERS

The Am9513 @unters may be concatenated in a number of
ditferent ways. These may be conceptually broken down into
count up and count down concatenation. Count up concatenation
will typically be used to count events with a precision greater than
16 bits. Gount down concatenation is typically used to generate
output frequencies of high resolution.

To simplify concatenation, the Am9513 provides an intemal TC
signal from the low order counter which can be selected as a
@unt source in the high order counter's Counter Mode register.
Thus, although any two @unters can be concatenated with ex-
ternal strapping, usually adiacent counters will be used to allow
use of this intemalTC signal.

In count up concatenation, both the high and low order counter's
Load register should be cleared to 0. The low order counter will
start counting up from 0 and increment through 9999. (BCD
counting is assumed throughout this discussion, although binary
counting may, of course, be used). On the next source edge the
low order counter will go to TC and reload 0 from the Load
register. The active-going TC edge will also increment the high
order counter. The counters continue counting in this manner with
the high order counter incrementing each time the low order
counter reaches TC. In the examples which follow, Counters 1
and 2 will be used as the low order and high order counters
respectively.

In the first up concatenation configuration, shown in Figure 3-1,
the counters do not useextemal gating and therefore will free run.
The high order counter should use the TC output of ths low order
counter as a source. The high order counter should @unt on
rising source edges and should be programmed for "no gating."
The above requirements can be met by specifying 00 (hex) in the
upper byte of the high order counter's Mode register. The low
order counter should be programmed to count repetitively. The

required Mode register settings for Counters 1 and 2 are shown in
the figure; "don't care" bits are marked "X." Note that it the
internal TC signal is used to concatenatg to the upper counlar, no
restrictions are placed on the programming of the low order
counler's Output Controlfield. Converssly, if externalstrapping is
used to concatenate the counter, the low order counter should
have an "Active High TC" output mode selected. Up count con-
catenation may also be used with either level oredge gating. For
level gating, the count source may either be exlernally gated with
external logic, or the low order counter may be programmed for
levelgating, as shown in Figure 3-2. ln eithercase, the high order
@unter should be programmed for "no gating." Recall that while
in the TC state, the counters willcount all source pulses issued to
them, irrespective of their gating or arming status. This can intro-
duce counting errors when level gating is used in up count con-
catenation. lf the gate goes inactive while the low order counter is
in TC, the low order @unler will count the next source edge,
which drives it out of TC. The counterwill then stop counting until
the gate goes active again. This etfectively introduces a 1 count
error into the accumulated count. The maximum 6rror that can be
introduced is one extra count each time the gate is applied. This
worst case error will occur only if the gate is always applied when
the low order counter is in the TC state. For many applications
which use the gate infrequently, this small potential error is of no
significance. Applications sensitive to small count errors or appli-
cations with many gate-on, gate-off cycles should use external
gating logic to inhibit source pulses.

Edge galing functions can also be used in up count concatena-
tion. An edge gating circuit with concatenated counters should
function in a logically identical manner to a single edge-gated
@unt6r. In other words, after an edge is applied to the concate-
nated counters, they should count until both reach TG. A new
edge should be required to rspeat the cycle. Direct concate-
nation of two countsrs as was done for level gating up count

souRcE
COUNTER 1 OUT

GATE
INTERNAL

TC

LEVEL X xxxx 00tx lXXX

Countcr 1 l|od€ R.gltbt

(nx, oqrc (xrlx txxx

Countar 2 todc F.gl3i.r

MOS€09

Figure &2. Count Up Concatenatlon wlth Level Gatlng

OOUTTEB 1 OUT

II{TEFNAL
TC

COUI{TER 2 OUT

txtox xxxx mlx rxxx

counbr I rodr R.glrtr

qm 0000 001x lXXX

Counbr 2 lod. Eaglrial

MOS€08

Flgure &1. Count Up Concatenation wlth No Gating



concatenation will not work. In such an arrangement, the low
order counter, once triggered, will count lo TC once and then
stop, awaiting a new gate edge. This is unsatisfactory since we
wanl the low order @unter to continue counting until the high
order counter reaches TG.

Figure 3-3 shows one method of concatenating counters for
edge-triggered up counting. This method operates the counters
in a similar arrangement to that used lor level gating, with the
requirement that each counter's output be programmed for an
active-high TC pulse.

The external flip-flop is set by an external, synchronous gate
signal. When both @unters reach TC, the flip-flop is cleared. One
potential problem exists with this scheme. Once the flip-flop
clears, it will inhibil the low order counter's gate input. The low
order counter will nevertheless count the ne)d source edge,
driving itself out of TG. However, the high order counter will
remain in TC. When the next triggering gate edge is applied, the
flip-flop willset, allowing Gounting to begin. When the lowcounter
reaches its first TC, the rising TC edge will cause the high counler
to leave TC. For a short period of time (the propagation delay of
the high order counter from source to output), both TCs will again
be active. This could potentially clear the flip-flop prematurely. To
inhibit this, the source signal is added as an additional input to the
NAND gate. ll a relatively slow source is used with a high time
greater than the total propagation delay from the source input of
low order @unter to the output of the high order counter, the
source input on the NAND gate will inhibit clearing of the flip-flop
during this transient.

The concatenation examples so far have assured that the count-
srs are to "count repetitively," in the sense of counter mode
register bit CMS. lf "count oncs" operation is desired, in which the
counters require an Arm command after each count cycle, dif-
ferenl circuits are required.

When "no gating," "count once" operation is desired, the circuit in
Figure 3-4 can be used. In this application, Counter 1 should be
programmed for active-high level gating and Counter 2 should be
programmed for a TC Toggled output. During counter initializa-
tion, the following set of commands should be used:

Initialize Counters'1 and 2 Mode and Load registers
LOAD Counters 1 and 2
Clear Counter 2 output
ARM Counters 1 and 2.

The counters are now ready to count, but since Counter 2's output
is low, Counter 1's gate will inhibit counting. To start counter
operation, use the "Set Counter 2's output" cornmand. The
counters will then count applied source pulses until Gounter 2
reaches TC and toggles its output, inhibiting Counter 1's gate. lt
can be seen that in this application, the "Set Counter 2's output"
behaves as an ARM command. lt is imponant that the counting
rate be low enough lo ensure that Counter 1's gate will not go
inactive in close proximity to a source edge. High speed appli-
cations using a Counter 1 source period less than the propagation
delay from Counter 1's source to Counter 2's output should use a
flip-flop to synchronize Counter 2's outputto Counter 1's source in
order to meet timing parameters TGVEH and TEHGV in the
Am9513 data sheet. High-speed applications will end the count
cycle with a value slightly larger than 1 in Counter 1.

To add level gating to this "count once" feature simply involves
the addition of an AND function before Counter 1's gate input.
Now Counter 1 will be inhibited whenever Counter 2 toggles its
output or whenever the external gate is driven low. Note that this
circuit assumes the externally applied gate is synchronous to the
count source; asynchronous gating signals should be syn-
chronized with a flip-flop.

souRcE
coul{lEn r our

GATE
II{TERNAL

TC

ltxlo xxxx 001x t00't

Cormbr 1 Xod. R.gl.t t

qm | 00qt 001x to01

Co{n!.r 2 Xod. F.gl.bt

MOS€l0

Flgure $3. Gount Up Concatenatlon wlth Edge Gating
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SOURCE
COUNTER 1

GATE
INTERNAL

TC

(b)

LEVEL GATING
omoN

GATE .

(c)

CLR

EDGE GATING OPTION

t00x xxxx 001x lXXX

Countlr 'l llod. R.gl3iar

q r c o  l ( x x r o  I ( x ) r x 1 1 0 1 0

Counter 2 llodc Rcglrt r
MOS€1 1

Figure 3.f. Count Up Concatenation wlth Count Once Feature

The final case of concatenated up counting comprises edge
gating with the "count once" feature. This is achieved through a
simple variation of the levelgating configuration. An externalgate
signal sets the flip-flop and enables counting providing Counter
2's output is set. When Counter 2 reaches TC, its output will
toggle (i.e., clear) and the flip-ftop will clear, inhibiting further
counting. To restart the counter in this configuration, the "Set
Counter 2 output" command should be issued and a new gate
edge should be applied in the ordor. As in the previous cases,
the applied gate edge should be synchronous to the Counter
1 source.

ln order to analyze down concatenation, it is useful to separately
analyze the sequences followed for the high order and low order
@unters. Figure 3-5 shows a typical count down concatenation

sequenoe, with the high order and low order count sequences
labelled. The high order counter simply decrements from some
initialvalue L untilTC is reached. (ln the following discussion and
figures, L and H are used to represent the Load and Hold register
@ntents respectively; K and N are used to rgpresent arbitrary
count values.) lt is thsn reloaded with L and repeats the se-
quence. Note that the high order counter, in general, will never
count to 0, since TC is generated by the source edge occurring
while the counter contains 1 and TC reloads the initial value L. The
count sequence is thus L, (L-1), . . . ,2,1, L, (L-1), (L-2), . . . ,2,
1, L. The low order counter starts from some initial value H and
counts down to TC. This TC output will be used to decrement the
high order counter by 1. The low order counter is now reloaded
with 0 and counts down through (assuming BCD counting) 9999
to 1. This sequsnce of reloading 0 and counting downto the next

HIGH ORDER
GOUI{TER

TC OUTPUT

LOW ORDER
couilTER

TC OUTPUT

MOS€12

Figure 3-5. Gonceptual Sequence for Count Down Concatenation
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TC will b€ repeated by the low order counter until the high order
counter has decremented to 1. Oh the nen bwor&rTC, the high
ordercounteris driven toTC and reloads L. The loworder@unter
should reload H, rather than 0, and repeat the complete count
cycle. lt can be seen that an important characteristic of the low
order counter is that it reloads H once for sach high order TC, and
reloads 0 otherwise. This need for tho low order counter to selec-
tively reload 0 or H differs from up concatenation where the low
order counter is always reloaded with the same value (0).
Figure 3-6 ties the above considerations together in a count
repetitively, no gating, @unt down concatenation example. The
low order countor is operated in Mode V, in which the gate is used

to select either the Load or Hold register as a reload source. The
high ordercounter is operatsd in Mode D, with an active-high TC
output selected in order to properly drive the low order counter's
gate. In addition, the high order counter should be programmed to
@unt on falling edges of the low order counter's intemal TC
output. Figure 3-7 shows timing waveforms generated by this
concatenation configuration. Note that the count sequence gen-
erated never has 0 in the uppercounter (disregarding the special
case where L = 0). This means that the value stored in the high
order counter should be biased by adding 1 in order to generate
the correct divider ratio. For example, to divide by 3g26417g
(BCD), the high order counter's Load register should be set to
3926 + 1 : 3927 andthe low order @unler's Hold register should
be set to 4178. The low order counte/s Load register should be
set to 0 to ensure proper count value rollover. Also note the
unusual count sequence on the TC before the low order counter
reloads from the Load register. For the above example of dividing
by 39264178 the counters wiil count OOO1OOO2, OOO1O001,
00010000, 39279999, 39279998, ... , 39270002, 39270001,
39274178, 39264177, 39264176, 992641T5, . . . rather than
00010002, 00010001, 00010000, 39274178, 39274177, ... ,
39270002, 39270001, 39270000, 39269999, 39269998,
39269997,. . . .

In some applications itmay be desirableto leveloredge gate with
down concatenation. Because the low order counter uses the
gato to select the reload source, the gate input cannot be used to
start and stop counting in the low order counter. Accordingly,
externalgating logic must be used. Figure 3-8 shows the connec-
tions required for count down concatenations with level gating.
Level gating is achieved by inhibiting source pulses when the
gate goes inactive.

Edge gating, shown in Figure 3-9, uses an extemalgate signalto
set an enabling flipflop. The enabling flip-ftop is cleared when
both counters reach TC. The delay flipflop ensures that one
additional count occurs after both counters reach TC in order to
drive the low order counter out of TC, thereby deactivating the
enabling flip-flop's clear input. Note that the counters stop at an
unusual point in the count sequence, ((t_- t ), (H- 1) in Figure 3-7
or 3926 4177 lor the earlier example) but this is not important

sou'cEmMm
-*"ill![ffi
rowonrr€R /- -r-  - _ i l

MOS€l4

Figure &7. Timlng waveforms for Am95l3 Gount Down Goncatenafion
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SOURCE

COUNTEF OUT

GATE NTEBNAL
TC

qxro xxxx 111X 0xxx

Counlar I ilodt Raglabr

q r c r l q n o l 0 0 l x l m o 1

Counbr 2 lod. R.gl.bl

MOS€l5

Flgure 3-8. Count Down Goncatenatlon wlth Level Gatlng

3()uRcE
couirTER

GATE

0m0 xxxx r  t l x (xDl

Counlcr I [od. F.gl.t ]

0001 qxto 001x m01

Couni.r 2 l|o(b R.gbbt
MOS516

Flgure 3-9. Count llown Concatenatlon wlth Edge Gatlng

since the timeout duration remains constant (at (L-1), H tor
Figure 3-7 and 3926 4178 for the earlier example). To ensure that
the counters' first timing cycle has the same timeout duration as
subsequent timing cycles, it is important that the high and low
order counters be initialized to (L- 1 ) and (H - 1 ) respectively prior
to the first timing cycle. Note thal il the Counter 1 source period is
less than the propagation delay from Counter 1's source through
Counter 2's output, through the two flip-flops to the OR gate, then
the low order counler's contents at the end of a count cycle may
be offset by a few counts. In such cases, the value used to
initialize the counters should be similarly otfset.

The previous @unt down concatenation examples have as-
sumod the counters are to oount repetitively. To add @unt once
capability to a @unt down configuration, the high order countor
should be programmsd to gonerate a TC Toggled output
wavEform. This output should be used to gate sour@ pulses
through an AND gate into the low order oounter, as shown in
Figure 3-10. The count 6yclo will now appear as shown in Figure
3-11. Note that whsn the @unters stop, the high order counte/s
output will be low and tho low order counter's contents will be
9999. To reset the @unters for another timing cycle, a LOAD
command should be issued to the low order counter, which will
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q x l l l ( x x x l l o o r x l o 0 l 0

Couniar 2 tlod. R.gldar

MOS€|7

Flgure &10. Count Down Concatenatlon wlth Count Once Featurc

CLEAR
HIOH ORDER

OUTPUT COTTAI{O
onrccEF)

souRcE

LOW ORDEB
couI{TER

YALUES

LOW OFDEF
TC

HIGH ORDER
ooul|TE8

VALUES

IIIGH ORDER
OUYPUT

MOS618

Flgure 3-11. Tlmlng Waveiorms for Gount Down Concatenatlon wlth Count Onco Feature

reload from the Hold register. The output of the high order @unter
can now be set to enable counting. Levet gating carl be added to
@unt-once, count down @ncatenation by using a 3-input AND
gate and driving the third input with an extomal lsvel gato signat.
Count-once, count down concatenation with edge gating can bo
achieved with the circuit shown in Figure 3-12. The flipflop is set
by an external synchronous gate edge; it is cloared at the end of
the count cycle when Counter 2's TC Toggled output goes low.
The concatenation oxamples presented so far have used two
@unters to create a 32-bit ettectivo count longth. These config-
urations can be extrapolated to concatenate 3 or moro @untgrs

to any desired length. Oherconcatenation variations adventure-
some users may wish to investigate are those that use the Alarm
registers on counter 1 and 2 to genorate unusual count se-
guences. Since these Alarm register configurations usually add
much complexity for only a limited increase in functionality they
are not discussed in this manual.

Savlng Concatcnated Count Valuce

The contents of concatonated @unters may be read by issuing a
SAVE command to the appropriate counters, which will transfer
the cunent @unter @ntonts into the @unte/s Hold registers.



SOURCE
COUNTER 1

GATE NTERIIAL
TC

0ooo xxxx t l  t x 0xxx

Counbr I lo.b R.gbbt

r x r 0 1  1 0 0 ( x l l m r x l 0 0 t o

Couniar 2 lod. R.gld..

MOS€!9

Flgure.&l2. Count Down Goncatenatlon wlth Edge Gatlng and Count Once Featwc

(Since in count down concatenation the Hold register is used to
generato tha count sequenoe, ip many such applications it may
not be feasible to save tho low-order ounter.) Because the oount
ripples between concatenated @unters, the possibility exists that
a SAVE command will be issued after the low order @unter
increments/decremsnts but belore the carry/borrow ripples
through to the high order counter, resulting in an inconect value
being saved in the high order oounte/s Hold register. The user
can protect against this by examining the contents of he low
order counter's Hold rogistor immediately after issuing the SAVE

command. lf the Hold register is equal to the value that would
have been expected immsdiately following generation of a
carry/bonow signal, this indicates that the high order value saved
is suspect. A new SAVE command should therefore b€ lssuod to
the high order countsr to save a conec{ count. By the time the low
order Hold register contonts are read and tested, and a new
SAVE command is issued, the high order @unte/s contents will
be stable. The "Time-of-Day" chapler discusses thes6 consider-
ations with resp€ct to Time-of-Day accumulation, and includes a
representative software listing.
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intel' 82C55A
CHMOS PROGRAMMABLE PERIPHERAL INTERFACE

I Compatible with all Intel and Most
Other MicroProcessors

r High Speed, "?ero Walt State"
Operation wlth 8 MHz 8086/88 and
80186/188

a 24 Programmable l/O Pins

I Low Power CHMOS

r Completely TTL ComPatible

I Gontrol Word Read-Back Capability

I Direct Bit Set/Reset CaPabllltY

. 2.5 mA DC Drive Capablllty on all l/O
Port OutPuts

r Available ln 40.Pin DtP and 44-Pin PLCC

r Avallable in EXPRESS
- Standard TemPerature Range
- Extended TemPerature Range

The Intel g2c55A is a high-performance, oHMOS version of the industry standard 82554 general purpose
piogi"rrlute tro oevici*,nicn is designed for use with all Intel and most other microprocessors' lt provides

zqito pins which may be individually piogrammed in 2 group_s_ot'12 and used in 3 maior modes of operation'
The 82b55A is pin compatible with the NMOS 8255A and 8255A-5'

fn MODE O, each group of 12 llo pins may be programmed in sets of 4 and I to be inputs or outputs. In
MODE 1, each gtoup miy be programmeO to nave 8 lines of input or output. 3 of the remaining 4 pins are used
tornanosrrarin[ ani interrupi coitrot signals. MODE 2 is a strobed bi-directional bus configuration.

The g2c55A is fabricated on Intel's advanced cHMos lll technology which provides low power consumption
with performance equal to or greater than the_equivalent NMOS product. The 82C55A is available in 40-pin
DfP ind 44-pin plastic leaded chip carier (PLCC) packages.

r -  r l v

*.. l..._*

iesgl
m
D I

02

0l

xc

D,a

05

D6

07

}frclruoras 231256-31

6

n

irt

B

Figure 1.82C55A Block Diagram
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Figure 2.82C55A Pinout
Diagrams are for pin rete.enc€ only. Package
sizes ar€ not to scale.
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Table 1. Pln Descrlptlon

Symbol Pln Number
Dlp PLCC Type Name and Functlon

PAg-o 1-4 2-5 vo PORT A, PINS 0-3: Lower nibble of an 8-bit data output latch/
butfer and an 8-bit data input latch.

FD 5 6 I READ CONTROL: This input is low during CPU read operations.
es 6 7 I CHIP SELECT: A low on this input enabtes the 82CS5A to

respond to H'D and WFI signats. R-D and WR are ignored
otherwise.

GND 7 8 System Ground
Ar-o 8-9 9 - 1 0 I ADDRESS: These input signals, in conjunction FD and WFi,

control the selection of one of the three ports or the control
word registers.
Ar As m WR 6 Input Operatlon (Read)
0 0 0 1 0 PortA-DataBus
0 1 0 1 0 PortB-DataBus
1 0 0 1 0 PortG-DataBus
1 1 0 1 0 ControlWord - Data Bus

Output Operatlon (Wrlte)
0 0 1 0 0 Data Bus - Poit A
0 1 1 0 0 Data Bus - Port B
1 0 1 0 0 Data Bus - Port C
1 1 1 0 0 Data Bus - Control

Disable Functlon
X x X X 1 DataBus-3-State
X x 1 1 0 DataBus-O-State

PCz-l 10 -13 1 1 , 1 3 - 1 5 vo PORT C, PINS 4-7: Upper nibble of an 8-bit data output latch/
butfer and an 8-bit data input butfer (no latch for input). This port
can be divided into two 4-bit ports under the mode control. Each
4-bit port contains a 4-bit latch and it can be used for the control
signal outputs and status signal inputs in conjunction with ports
A and B.

PCo-g 14-17 1 6 - 1 9 llo PORT C, PINS 0-3: Lower nibble of Port C.
PBo.z 18-25 20-22,

24-28
uo PORT B, PINS 0-7: An 8-bit data output latch/buffer and an 8-

bit data input butfer.
Vcc 26 29 SYSTEIII POWER: t 5V PowerSuppty.
Dz-o 27-94 30-33,

35-38
t/o DATA BUS: Bi-directional, tri-state data bus lines, connected to

system data bus.
RESET 35 39 RESET: A high on this input clears the control register and all

ports ale set to the input mode.
wF' 36 40 WRITE CONTROL: This input is tow during CpU write

operations.
PAt-q 37-40 41-44 1/O PORT A, PINS 4-7: Upper nibbte of an 8-bit data output latch/

butfer and an 8-bit data input latch.
NC 1 , 1 2 ,

29,94
No Connect
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82C55A FUNCTIONAL DESCRIPTION

General

The 82C55A is a programmable peripheral interface
device designed for use in Intel microcomputer sys-
tems. lts function is that of a general purpose l/O
component to interface peripheral equipment to the
microcomputer system bus. The functional configu-
ration of the 82C55A is programmed by the system
software so that normally no external logic is neces-
sary to interface peripheral devices or structures.

Data Bus Buffer

This 3-state bidirectional 8-bit butfer is used to inter-
face the 82C55A to the system data bus. Data is
transmitted or received by the butler upon execution
of input or output instructions by the GPU' Control
words and status information are also transferred
through the data bus buffer.

Read/Wrlte and Control Loglc

The function of this block is to manage all of the
internal and external transfers of both Data and
Control or Status words. lt accepts inputs from the
CPU Address and Control busses and in turn, issues
commands to both of the Control Groups.

Group A and GrouP B Gontrols

The functional configuration of each port is pro'
grammed by the systems sottware. In essence, the
CPU "outputs" a control word to the 82C55A' The
control word contains information such as "mode",
"bit s€t", "bit r€s€t", etc., that initializes the func'
tional configuration of the 82C55A.

Each of the Control blocks (Group A and Group B)
accepts "commands" from the Read/Write Control
Logic, receives "control words" from the internal
data bus and issues the proper commands to its as-
sociated ports.

ControlGroup A - Port A and Port C upper (C7-O4)
Control Group B - Port B and Port C lower (C3-C0)

The control word register can be both written and
read as shown in the address decode table in the
pin descriptions. Figure 6 shows the control word
format for both Read and Write operations. When
the controlword is read, bit D7 will always be a logic
"1", as this implies controlword mode information.

Ports A, B, and C

The 82C55A contains three 8'bit ports (A, B, and C)'
All can be configured in a wide variety of functional
characteristics by the system sottware but each has
its own special features or "personality" to further
enhance the power and flexibility of the 82C55A.

Port A. One 8'bit data output latch/butfer and one
8-bit input latch butfer. Both "Pull-sp" and "pull'
down" bus hold devices ar€ present on Port A.

Port B. One 8-bit data input/output latch/buffer.
Only "pull-up" bus hold devices are present on Port
B.

Port C. One 8-bit data output latch/butfer and one
8-bit data input buffer (no latch for inPut). This port
can be divided into two 4-bit ports under the mode
control. Each 4-bit port contains a 4'bit latch and it
can be used for the control signal outputs and status
signal inputs in conjunction with ports A and B. Only
"p-ull-up" bus hold devices are present on Port C.

See Figure 4 for the bus-hold circuit configuration for
Port A, B, and G.
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ror:i
leucs

Flgure 3.82C55A Block Dlagram Showlng Data Bus Buffer and Read/Wrlte Controt Loglc Funcilons

RESET

II{TERXAL
l lT | l {

It{IERNAL
oT  ou r

EXTERI{AL
PORT AC
Plt{

II{TERIIAL
oar^

'NOTE: WF

Port pins loaded with more than 20 pF capacitance may not have their logic
231256-4

level guaranteed lollowing a hardware reset.

Figure 4. Port A, B, C, Bus-hold Configuration
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82C55A OPERATIONAL DESCRIPTION

Mode Selectlon

There are three basic modes of operation that can
be selected by the sYstem sottware:

Mode 0 - Basic inPut/outPut
Mode 1 - Strobed InPut/outPut
Mode 2 - Bi-directional Bus

When the reset input goes "high" all ports will be set
to the input mode with all24 porl lines held at a logic
"one" level by the internal bus hold devices (see
Figure 4 Note). After the reset is removed the
82C55A can remain in the input mode with no addi'
tional initialization required. This eliminates the need
for pullup or pulldown devices in "all CMOS" de'
signs. During the execution of the syst€m program'
any of the other modes may be selected by using a
single output instruction. This allows a single
82e55A to service a variety of peripheral devices
with a simple software maintenance routine.

The modes for Port A and Port B can be separately
defined, while Port C is divided into two portions as
required by the Port A and Port B definitions. All of
the output registers, including the status flip'flops'
will be reset whenever the mode is changed. Modes
may be combined so that their functional definition
can be "tailored" to almost any l/O structure. For
instance; Group B can be programmed in Mode 0 to
monitor simple switch closings or display computa'
tional results, Group A could be programmed in
Mode 1 to monitor a keyboard or tape reader on an
interrupt-driven basis.

Flgure 6. Mode Deflnltlon Format

The mode definitions and possible mode combina'
tions may seem confusing at first but after a cursory
review of the complete device operation a simple,
logical l/O approach will surface. The design of the
8tC55A has taken into account things such as effi'
cient PC board layout, control signaldefinition vs PC
layout and complete functional flexibility to support
almost any peripheral device with no external logic.
Such design repr€sents the maximum use of the
available pins.

Slngle Bit Set/Reset Feature

Any of the eight bits of Port C can be Set or Reset
using a single OUTput instruction. This feature re'
duces softrrtrare requirements in Control-based appli'
cations,

When Port C is being used as status/control for Port
A or B, these bits can be set or reset by using the Bit
Set/Reset operation iust as if they were data output
ports.
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lnterface



82C55Ainbf

Flgure 7. Blt Set/Reset Format

231256-7

Interrupt Control Functlons

When the 82C55A is programmed to operate in
mode 1 or mode 2, control signals are provided that
can be used as intenupt request inputs to the CPU.
The intenupt request signals, generated from port C,
can be inhibited or enabled by setting or res€tting
the associated INTE flip-flop, using the bit set/reset
function of port C.

This function allows the Programmer to disallow or
allow a specific l/O device to intenupt the CpU with-
out affecting any other device in the interrupt struc-
ture.

INTE flip-flop definition:

(BIT-SET)-INTE is SET-Interrupt enabte
(BIT-RESET)-INTE is RESET-lnterrupt disable

Note:
All Mask flipflops are automatically reset during
mode selection and device Reset.
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Operatlng llodes

llode 0 (Baslc Input/Output). This functional con'
figuration provides simple input and output opera'
tions for each of the three ports. No "handshaking"
is required, data is simply written to or read from a
specified port.

Mode 0 Basic Functional Definitions:
o Two 8-bit ports and two 4-bit ports.
o Any port can be input or output.
o Outputs are latched.
o Inputs are not latched.
o 16 ditferent Input/Output configurations are pos'

sible in this Mode.

iloDE o (BASTC INPUT)

F-D

raruT

Cl, ar, Ao

or.oo -

231256-8

uoDE 0 (BASTC OUTPUT)

231256-9
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iIODE 0 Port Deflnltlon

A B GROUPA GROUP B

Da D3 D1 Ds PORTA PORT C
ruPPER} # PORTB PORT C

(LowER]
0 0 0 0 OUTPUT OUTPUT 0 OUTPUT OUTPUT
0 0 0 1 OUTPUT OUTPUT 1 OUTPUT INPUT
0 0 1 0 OUTPUT OUTPUT 2 INPUT OUTPUT
0 0 1 1 OUTPUT OUTPUT 3 INPUT lNPUT
0 1 0 0 OUTPUT INPUT 4 OUTPUT OUTPUT
0 1 0 1 OUTPUT INPUT 5 OUTPUT INPUT
0 1 1 0 OUTPUT INPUT 6 INPUT OUTPUT
0 1 1 1 OUTPUT INPUT 7 INPUT INPUT
1 0 0 0 INPUT OUTPUT 8 OUTPUT OUTPUT
1 0 0 1 INPUT OUTPUT I OUTPUT INPUT
1 0 1 0 INPUT OUTPUT 10 INPUT OUTPUT
1 0 1 1 INPUT OUTPUT 1 1 INPUT INPUT
1 1 0 0 INPUT INPUT 12 OUTPUT OUTPUT
1 1 0 1 INPUT INPUT 13 OUTPUT INPUT
1 1 1 0 INPUT INPUT 1 4 INPUT OUTPUT
1 1 1 1 INPUT INPUT 1 5 INPUT INPUT

ttlODE 0 Gonflguratlons

CONTROL II'ORD 'O

oor{TRol woio t3
07 D€ OS O. Dt Dr Or Oo

0 l o l o l o l o l r  l l

o, t)6 D5 D. 03 02 or Do
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MODE 0 Conflguratlons (Continued)

o, Dc Dr o. Dt 02 ot oo

coNrnor rYono a
o, 06 D! o. o! 02 Dr Do

OOXTROL fi'RD,9

o, D. o! o. oi o, Dr Do

cor{tnoL soRo alo
o, Da 05 o. or or Dt oo

I 0 l 0 l r l 0 0 0

tat'\

r<fr\

f,#o

t8f?%

231256-1 1

r l o 0 I 0 o 0 t o

4 D c D r D . O ! D 2 O r O o

I 0 0 0 0 0

coNTFOt rvoRo a6

oot{lFot rYoBo at

o, D5 or D. ot o2 or oo
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IIODE 0 Conflguratlons (Continued)

I 0 0 I I 0 I 0

T'"::T',T Dr or o, oom

cot{tnol YroRD r.tt

231256-12

Operatlng Modcg

ilODE I (Strobed Input/Output). This functional
configuration provides a means for transfening l/O
data to or from a specified port in conjunction with
strobes or "handshaking" signals. In mode l, Port A
and Port B use the lines on Port C to generate or
accept these "handshaking" signals.

Mode 1 Basic functional Definitions:
o Two Groups (Group A and Group B).
. Each group contains one 8-bit data port and one

4-bit control/data port.
o The 8-bit data port can be either input or output

Both inputs and outputs are latched.
o The 4-bit port is used for controland status of the

8-bit data port.
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Input Control Slgnal Deflnltlon

SF (StroOe Input). A "low" on this input loads
data into the input latch.

IBF (lnput Bufler FullF/F)

A "high" on this output indicates that the data has
been loaded into the input latch; in essence, an ac'
knowledgement. IBF is set by SE inpg3 being low
and is reset by the rising edge of the RD input.

INTR (lnterrupt Requcst)

A "high" on this output can be used to interrupt the
CPU when an input device is requesting service.
INTR is set by the STB is a "one", IBF is a "one"
and INTE is a "on€". lt is reset by the falling edge of
FD. mis procedure allows an input device to re'
quest service from the CPU by simply strobing its
data into the port.

INTE A
Controlled by bit set/res€t of PC4.
INTE B
Controlled by bit set/reset of PC2.

llt

231256-14

Flgure 9. ttlODE I (Strobed Input)

ootalRol wolD

ffi^

DF^

r{Tir

rrc

l?t

ltFr

nrq

.231256-'t3

rrrr I
. i _ i

Flgure S.llODE I Input
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Output Gontrol Slgnal Dellnltlon

OBF lOutput Bulfer Full F/F). The 6F output witl
go "low" to indicate that the CPU has written data
out to the specified port. The ffi f rc willbe set by
the rising edge of the WH input and roset by AeR
Input being low.

ffiK (lctnowledge Input). A "low" on this input
informs the 82C55A that the data from Port A or Port
B has been accepted. In essence, a response from
the peripheral device indicating that it has received
the data output by the CPU.

INTR (lnterrupt Reguest). A "high"'on this output
can be used to intenupt the CPU when an output
deyice has accepted data transmitted by the CPU.
INTR is set when Affi n a "one",6gf- is a "one"
qqd INTE is a "on€". lt is reset by the falling edge of
wH'.

INTE A
Controlled by bit set/reset of PQ.
IilTE B
Conholled by bit set/reset of PC2.

rxTi

lc:

23 t 256-16

Flgure l1.lrODE 1 (Strobed Output)

ooifYto[ rctD

6l^

ffi^

tt{Ti^

ooirTnoL rfoBo

ilf.

eR.

|f,rq

231256-15

Flgure 10. MODE 1 Output

3-135



intet 82C55A

Comblnatlons of MODE 1

port A and Port B chn be individually defined as input or output in Mode 1 to support a wide variety of strobed
l/O applications.

Operatlng Modes

MODE 2 (Strobed Bidlrectlonal Bus l/O).This
functional configuration provides a means for com-
municating with a peripheral device or structure on a
single 8-bit bus for both transmitting and receiving
data (bidirectional bus l/O). "Handshaking" signals
are provided to maintain proper bus flow discipline in
a similar manner to MODE 1. Intenupt generation
and enable/disable functions are also available.

MODE 2 Basic Functional Definitions:
o Used in Group A only.
o One 8-bit, bi-directional bus port (Port A) and a 5-

bit control port (Port C).
. Both inputs and outputs are latched.
r The S-bit control port (Port C) is used foi control

and status for the 8-bit, bi-directional bus port
(Port A).

Bldirectional Bus l/O Control Signal Definition

INTR (lnterrupt Request). A high on this output can
be used to interrupt the CPU for input or output oper-
ations.

Output Operatlons

6gf- (Output Buffer Full). The OEF output will go
"low" to indicate that the CPU has written data out
to port A.

ffiR (acmowbdge). A "low" on this input enables
the tri-state output buffer of Port A to send out the
data. CIhenrise, the output buffer willbe in the high
impedance state.

INTE 1 (The INTE Flip-Flop Assoclated wlth
6EF)i Controlled by bit set/reset of PC6.

Input Operatlons

STB (Strobe Input). A "low" on this input loads
data into the input latch.

IBF (lnput Buffer Full F/F). A "high" on this output
indicates that data has been loaded into the input
latch.

INTE 2 (The INTE Flip-Flop Associated wlth IBF).
Controlled by bit set/reset of PCa.

tc.

?q

Pca

Et.r

Pqr%

?cr

ool{TRot ruoRo col{TROt rronD

stT"

|!Fr

lilTnr

foit A - tsTnoBED lirau?l
FOFI I - tSTiOt€DOUTXTTI

?ONI A - (STROIEO OUTPUTI
toRTS-GTnOAEDfilutl

231256-17

D? O. Dr D. D3 02 Dt Do

tA?'t\

rq

ic.

tct

fr,r

rqrq

lc2

lcl

?q

Flgure 12. Gomblnatlons of MODE I
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oor|rRoL roFo

% o . D 3 D '

Eto
I - INPUI
0 - OUTPUI

PORT 3
1. lt{PUY
0. OUT'UT

Gnoup B nooE
0 - t O O E 0
t - IIOOE I

231256-18

Flgure 13. MOOE Control Word

o3_t^

iG-Kr

gF^

tBFa

tro

231256-19

i:l

T:]

Flgure 14. MODE 2

Dlt tnol
cPU tottclaa

o TlFtor
tcitPlrGiaLto a2c6a

oata Fiot
aitcSSA To PCittfiEiAL

OATA FNOI
a2cacalom

231256-20

Flgure 15. MODE 2 (Bidirectionat)

NOTE:
Any sequence vy1g1w[ :gcurs before Affi,j@_srB_ m"urs before RD- is permissible.
(INTR : tBF r NiAR. STEI. FD + 6EF . N|AR e [^e6- o ffi1
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MOOE 2 AND MODE O (INPUT}

MODE 2 AND MODE I IOUTPUT}

MODE 2 AND MODE O (OUTPUTI

6F^

ffi^

3i-^

tBFa

r/o

cotfTRot rcRD

4 O r t L O . D r O r D t O o

Ero
1 .It|?t l
0 'OUTPU'

Fr^

Ft^

ffi^

t!i^

t/o

16

fiE

MODE 2 AND MOOE 1 IINPUTI

()!-FA

iE-q

srr

ItF^

6fr

E-r^

m^
|lf^

FO

wl

6-er.

i6T!

|l{tR!

rrq

ltFr

tt{li.

rq

tifrtAc

fc"

rca

fcr

?a?'r&

|.ct

rq

ic.

?q

,qrq

PCr

?C2

rq

rArtAo

r c 1

?cr

trca

q

ra"q

tcl

Fc1

?c0

251256-21

Figure 16. MODE % Combinations
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PAo
PAr
PAz
PAg
PAa
PAs
PAe
PAz

MODE O

IN OUT

IN
IN
IN
IN
IN
IN
IN
IN

OUT
OUT
OUT
OUT
OUT
OUT
OUT
OUT

PBo
PBr
PBz
PBs
PBa
PBs
PBo
PBz

IN
IN
IN
IN
IN
IN
IN
IN

OUT
OUT
OUT
OUT
OUT
OUT
OUT
OUT

PCo
PCr
PCz
PCs
PCa
PCs
PCo
PCt

IN
IN
IN
IN
IN
IN
IN
IN

OUT
OUT
OUT
OUT
OUT
OUT
OUT
OUT

Mode Deflnltlon Summary

MODE 1

IN ouT
N
N
N
N
N
N
N
N

OUT
OUT
OUT
OUT
OUT
OUT
OUT
OUT

IN
IN
IN
IN
IN
IN
IN
IN

OUT
OUT
OUT
OUT
OUT
OUT
OUT
OUT

INTRs
lBFs
ffis
INTRI
sfEa
lBFa
t/o
vo

INTRs
OEFg
Affis
INTRa

tlo
vo

fcxa
Ot-ra

Speclal Mode Gomblnatlon Conslderatlons

There are several combinations of modes possible.
For any combination, some or all of the Port C lines
are used for control or status. The remaining bits are
either inputs or outputs as defined by a "Set Mode"
command.

During a read of Port C, the state of all the Port C
lines, except the ACK and STB lines, will be placed
on the data bus. In place of the Affi and STB line
states, flag status will appear on the data bus in the
PC2, PC4, and PC6 bit positions as illustrated by
Figure 18.

Through a "Write Port C" command, only the Port C
pins programmed as outputs in a Mode 0 group can
be written. No other pins can be affected by a "Write
Port C" command, nor can the interrupt enable flags
be accessed. To write to any Port C output pro-
grammed as an output in a Mode 1 group or to

MODE O
OR MODE 1
ONLY

change an interrupt enable flag, the "Set/Reset Port
C Bit" command must be used.

With a "Set/Reset Port C Bit" command, any Port C
line programmed as an output (including INTR, IBF
and OBF) can be written, or an interrupt enable flag
can be either set or r€set. Port C lines programmed
as inputs, including Affi and SfE lines, aisociated
with Port C are not affected by a "Set/Resot Port C
Bit" command. Writing_.lg the corresponding Port C
bit positions of the ACK and STB lines with the
"Set/Reset Port C Bit" command will atfect the
Group A and Group B interrupt enable flags, as illus-
trated in Figure 18.

Current Drlve Capablllty

Any output on Port A, B or C can sink or source 2.5
mA. This feature allows the 82C$5A to directly drive
Darlington type drivers and high-voltage displays
that require such sink or source current.

MODE 2

GROUP A ONLY

€
<-r-t

<+

<--+

vo
t lo
tlo

INTR1
Sffia
lBFa
ffin
oEFa
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Readlng Port C Status

In Mode 0, Port C transfers data to or from the pe-
ripheraldevice. When the 82C55A is programmed to
function in Modes 1 or 2, Port C generates or ac-
cepts "hand-shaking" signals with the peripheral de-
vice. Reading the contents of Port C allows the pro-
grammer to test or verify the "status" of each pe-
ripheral device and change the program flow ac-
cordingly.

There is no special instruction to read the status in-
formation from Port C. A normal read operation of
Port C is executed to oerform this function.

INPUT CONFIGURATION
D7 D5 D5 Da D3 D2 D1 De

GROUPA GROUPB

OUTPUT CONFIGURATIONS
D7 D5 D5 Da D3 D2 D1 Ds

GROUPA GROUPB

oEFl INTEI t/o t/o INTRI INTEg6BF6 | rNrns

Figure 17a. MODE 1 Status Word Format

D7 D5 D5 Da D3 D2 D1 D6

5EF,! INTEl lBFa INTE2INTRl

GROUPA GROUPB
(Deftned By Mode 0 or Mode 1 Solaction)

Figure 17b. MODE 2 Status Word Format

Interrupt Enable Flao Posltlon Alternate Port G Pin Slgnal(Mode)

INTE B
INTE A2
INTE A1

PC2
PC4
PC6

Iffis (Output Mode 1) orSTBg (lnput Mode 1)
STBr (lnput Mode 1 or Mod€ 2)
Affia (Outout Mode 1 or Mode 2

Flgure 18. Interrupt Enable Flags In Modes 1 and 2
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ABSOLUTE MAXIMUM RATINGS-

Ambient Temperature Under Bias. . . .0'C to + 70'C
StorageTemperature ...- 65'Cto * 150'C
Supply Voltage * 0.5 to + 8.0V
Operat ingVol tage . . . . .+  4Vto + 7V
Voltage on any lnput. . . .GND-2V to * 6.5V
Voltage on any Output . .GND-0.5V to Vs6 + 0.5V
PowerDiss ipat ion . . . . .1Wat t

'Notice: Slresses above those listed under "Abso-
lute Maximum Ratings" may cause permanent dam-
age to the device. This is a stress rating only and
functional operation of the device at these or any
other conditions above those indicated in the opera-
tional sections of this specification is not implied. Ex-
posure to absolute maximum nting conditions for
extended periods may affect device reliability.

D.C. CHARACTERISTICS
TA:0 'C to70 'C ,Vcc :  +5V  i10%,GND:0VOn:  -40oCto  +85 'C fo rEx tendedTemper tu re )

I{OTES:
1. Pins A1, no, eS, WF, FT, Reset.
2 = gata,Bu$.f orts--E^g__
3. Outputs open.
4. Limit output cunent to 4.0 mA.

Symbol Parameter Mln Max Unlts Test Condltlons

V11 Input Low Voltage -0.5 0.8 V

Vrx Input High Voltage 2.0 vcc V

Vol Output Low Voltage 0.4 V l6q : 2.5 mA

VoH Output High Voltage 3.0
Vs6 - 0.4

V
V

l o H :
l o H :

-2.5 mA
-100 pA

Iu Input Leakage Cunent + 1 pA Vlp : Vg6 to 0V
(Note 1)

lorr Output Float Leakage Current i 1 0 pA VgN : V6g to 0V
(Note 2)

loaR Darlington Drive Cunent r.2.5 (Note 4) mA Ports A, B, C
Rs6 : 500O
Vs;1 : 1'7V

lpxt Port Hold Low Leakage Cunent +50 +300 pA Vggl = 1.0V
Port A only

lpHn Port Hold High Leakage Cunent -50 -300 pA Vg\r1 : 3.oV
Ports A, B, C

lpxlo Port Hold Low Overdrive Current -350 pA V9g1 : 0.8V

lpxno Port Hold High Overdrive Cunent +350 pA V9UT = 3.0V

lcc V66 Supply Cunent 10 mA (Note 3)

lccss Vs6 Supply Gunent-Standby 10 pA V66 : 5.5V
Vtru : VCc or GND
Port Conditions
ll llP : Open/High

OlP : Open Only
With Data Bus :

High/Low
6 :  H igh
Reset: Low

Pure lnputs :
Low/High
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CAPACITANCE
T4 : 25'G, Vcc :GND : 0V

IIOTE:
5. Sampled not 100o/o tested.

A.C. CHARACTERISTICS
TA : 0o to 70'C, Vcc = +5V 110%, GND : 0V
TA : -40'C to *85'C lor Extended Temperature

BUS PARAI'ETERS

READ CYCLE

Symbol Parameter liln Mar Unlts Test Condltlons

crru lnput Capacitance 10 pF Unmeasured plns
returned to GND
fc: l  MHz(s)cvo l/O Capacitance 20 pF

Symbol Parameter 82C554-2 Unlts Test
Gondltlonsllln llax

tnn Address Stable Before FE J 0 ns

tRn Address Hold Time After FE 1 0 ns

tRn RD Puls€ width 150 ns

tno Data DelayfromHDJ 120 ns

tor ffil to Data Floating 10 75 ns

tRv Recovery Time between FD/WH 200 ns

WRITE CYCLE

Symbol Parameter
82C554-2 Unlts Test

GondltlonsMln llax

tnw Address Stable Before WF'J 0 ns

tu Address Hold Time After WF f 20 ns Ports A & B

20 ns Port G

tww WH Pube width 100 ns

tow Data Setup Time Before WFI t 100 ns

two Data Hold Time AfterWF T 30 ns Ports A & B

30 ns Port C
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OTHER TIMII{GS

Symbol Parameter 82C55A-2 Unlts
Condltlons Test

Mln ilax

twa WFI: l toOutput 350 ns
ttn Peripheral Data Before RD 0 ns
txn Peripheral Data After HD 0 ns
tnr IeK Pulse width 200 ns
tst STE Pulse Width 100 ns
tps Per. Data BeforeSE Hign 20 ns
tpx Per. Data AtterSTBHigh 50 ns
tRo Aff i :0toOutput 175 ns

txo Iffi : 1 to Output Float 20 250 ns
twos ! [Fl: 1 toOBF-: O 150 ns
teog I f f i :  0toOBF-:  1 150 ns
tsra SfF :O to lBF :  1 150 ns
tntg R-D : l t o lBF :O 150 ns
tnr H.D:o to |NTR:o 200 ns
tsr SfF : l t o lNTR:1 150 ns
tnrt Af f i : l t o |NTR:1 150 ns
twr WFi :O to INTR:O 200 ns s6e note 1
tnes Reset Pulse Width 500 ns see note 2

NOTE:
1. INTR f may (rccur as early as WH t.
2. Pulse width of initial Res€t pulse after power on must be at least 50 pSec. gubseguent Reset pulses may be 500 ns
minimum.
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WAVEFORMS

xroDE 0 (8AS|C INPUT)

2512ft-22

noDE o (BASIC OUTPUT)

251256-23
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WAVEFORMS (continued)

uoDE 1 (STROBED |NPUT)

iloDE I (STROBED OUTPUT)

m

CF

TTR

tat

otmut

2312fi-25
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WAVEFORMS (Continued)

iroDE 2 (BTDTRECTIONAL)

l{ot.:
ni"i"or"n"" where WR- occurs belore FCR eruo SiE occurs belore F-D is permissible.
(|NTR : rBF o ilfiffi. sTEi. FD + 6EF. Ftffi o fiffi r ffi;

231256-26

WRITE TIiIING

251256-27

A.C. TESTING INPUT, OUTPUT WAVEFORIII

231256-29

A.C. Testing Inputs Are Drivon At 2.4v For A Logic I And 0.45v
For A Logic 0 Timing M€asurements Are Med€ At 2.0V For A
Logic 1 And 0.8 For A Logic 0.

READ TIMING

231256-28

A.C. TESTING LOAD CIRCUIT

231256-30

'Vgg ls S€t At Various Voltages Du.ing Testing To Guarante€
Th€ Spocification. C1 Includes Jig Capacitanc€.
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LIMITED WARRANTY

Real Time Devices, Inc. warrants the hardware and software products it manufactures and produces to be free
from defects in materials and workmanship for one year following the date of shipment from REAL TIME DE-
VICES. This warranty is limited to the original purchaser of product and is not transferable.

During the one year warranty period, REAL TIME DEVICES will repair or replace, at its option, any defective
products or parts at no additional charge, provided that the product is returned, shipping prepaid, to REAL TIME
DEVICES. All replaced parts and products become the property of REAL TIME DEVICES. Before returning any
product for repair, customers are required to contact the factory for an RMA number.

THIS LIMITED WARRANTY DOES NOT EXTEND TO ANY PRODUCTS WHICH HAVE BEEN DAM-
AGED AS A RESULT OF ACCIDENT, MISUSE, ABUSE (such as: use of incorrect input voltages, improper or
insufficient ventilation, failure to follow the operating instructions that are provided by REAL TIME DEVICES,
"acts of God" or other contingencies beyond the control of REAL TIME DEVICES), OR AS A RESULT OF
SERVICE OR MODIFICATION BY ANYONE OTHER THAN REAL TIME DEVICES. EXCEPT AS EX-
PRESSLY SET FORTH ABOVE, NO OTHER WARRANTTES ARE EXPRESSED OR IMPLIED, INCLUDING,
BUT NOT LIMITED TO, ANY IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A
PARTICULARPURPOSE, ANDREALTIMEDEVICES EXPRESSLYDISCLAIMS ALLWARRANTIES NOT
STATED HEREIN. ALL IMPLIED WARRANTIES, INCLUDING IMPLIED WARRANTIES FOR
MECHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE. ARE LIMITED TO THE DIJRATION
OF THIS WARRANTY. IN THE EVENT THE PRODUCT IS NOT FREE FROM DEFECTS AS WARRANTED
ABOVE. THE PURCHASER'S SOLE REMEDY SHALL BE REPAIR OR REPLACEMENT AS PROVIDED
ABOVE. UNDER NO CIRCUMSTANCES WILL REAL TIME DEVICES BE LIABLE TO THE PURCHASER
OR ANY USER FOR ANY DAMAGES, INCLUDING ANY INCIDENTAL OR CONSEQUENTIAL DAM-
AGES, EXPENSES, LOST PROFITS, LOST SAVINGS, OR OTHER DAMAGES ARISING OUT OF THE USE
OR INABILITY TO USE THE PRODUCT.

SOME STATES DO NOT ALLOW THE EXCLUSION OR LIMITATION OF INCIDENTAL OR CONSE-

QUENTIAL DAMAGES FOR CONSUMER PRODUCTS, AND SOME STATES DO NOT ALLOW LIMITA-
TIONS ON HOW LONG AN IMPLIED WARRANTY LASTS, SO THE ABOVE LIMITATIONS OR EXCLU-
SIONS MAY NOT APPLY TO YOU.

THIS WARRANTY GIVES YOU SPECIFIC LEGAL RIGHTS, AND YOU MAY ALSO HAVE OTHER
RIGHTS WHICH VARY FROM STATE TO STATE.
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TC1024 Board User-Selected Settings

Base l/O Address:

(hex) (decimal)

Interrupts:

Source: IRQ Channel:

Source: IRO Channel:

Source: IRQ Channel:

Source: IRQ Channel:

Source: IRQ Channel:

Source: IRQ Channel:


